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PUBLISHERS’ NOTE 


This handbook replaces and su})orsedcs a pamphlet entitled 
Incubators and Chicken Rearing Appliances,” which, 
since its first ])ublication upwards of fourteen years ago, 
lias S(>1<1 in enormous numbers, and has been used as a 
practical guide to incubator matters the wide world over. 
Tli(‘ information in that pamphlet, with the exception ol 
.1 few pages here included, has naturally ])e(‘ome out of 
ilaXe, and the present b«)ok is publislied in response to a 
ihnnand Cor a cliea[) but essentially up-to-date and reli- 
.ihle work. 

Much of the matter in this handbook consists of con- 
tributions by L(‘ghorn,” Wm. Pauli, Lionel Hall, and 

• ulnn exjierts, to ‘‘Work,” the Illustrated Weekly Journal 

• m’ llaudicrafts. The Editor of that Journal will be glad 
t.() answer any questions connected with this book which 
may be sent to hiiu by interested readers. 
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INCUBATORS AND CHICKEN 
REARERS 

CHAPTER I 

Principles of Incubation, Natural and Artificial 

An jncu})ator is an appliance for artificially incubating 
(’Ugs. 'J'hc vTi’b “ to incubate ” suggests lying upon or 
sitting upon, this being the means by which a broody hen 
kfO])s her eggs warm, the heat of her body, some degrees 
higher than nonnal, being transmitted to the eggs. In an 
iiK'iibator, the egg-cliamber is kept warm by the heat 
Iransmittcd to it by hot water or hot air, depending upon 
tin* type of ap})liance employed. Eggs have been success- 
ful ly Ijatchcd out in a very primitive arrangement, con- 
."isting of little more than a box wanned by an oil lamp, 
hut Hs uniform success in artificial incubation depends 
essentially on close imitation of natural conditions, it 
follows that a reliable incubator must possess the means 
of ensuring an equable tein2)erature comparable with that 
of the broody hen’s body, and for this purpose it must be 
ju'ovided with a reliable heater giving a uniform flame, 
with means of circulating the heat, with a thermometer 
and with a heat regulator.; 
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The advantages of the artificial method of incubation 
over the old practice of setting eggs under .bn^ody hens 
are so obvious as to have nearly overcome all p.rejiidices. 
The broody hen is undoubtedly preferable where only a 
few chickens are reared, but where hatching is on a large 
scale, or chickens arc wanted at seasons when broody liens 
are scarce, it is absolutely essential to use an incubatoi’. 

To operate an incubator successfully, some knowledge 
is necessary of the nature of the egg, and the change.^ 
which it undergoes during the ])rocess of incubation, 
Rouglily speaking, an egg consists of four distinct parts, 
namely, the shell, the membranes just inside the shell, tin' 
albumen or white, and the yellow yolk. Tlu' shell is porous, 
and allows of the evaporation of the nunsture of the egg. 
At the large end of the egg is a small air-cell, which, at 
first not larger than a sixpence, iiu'reases as the moistun' 
in the egg cva])orates, until at the time of hatching it 
occupies nearly ojie-fourth of the interior. On the upj er 
surface of the yolk is the germ-spot, a tiny disk aboiit 
J in. in diameter, containing, if the egg be fertile, a tiny 
living germ. The yolk floats freely in the white, and in 
such a way that the germ-spot is always uppermost. The 
germ is the chick in embryo, and upon its proper develop- 
ment the whole success of incubation depends. It if' 
extremely delicate, hence the necessity for great care in 
handling and storing the eggs. In winter the eggs should 

be collected several time# a day, to prevent them getting 
2 
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chilled. Temperatures below 40° F. are usually fatal to 
I lie germ, while too much heat is also dangerous. Avoid 
laiTiTig or shaking the eggs, and store them in bran in a 
[)lacc where the temperature keeps as nearly as possible 
at 00° F. 

For artificial incubation, do not use eggs more than 
four or five days old. A hen will hatch eggs three weeks 
old ; but an incubator docs not invariably give good results 
with eggs more than a few days old. 

There are two types of incubators hi general ilsc — 
li<)l-N\ater (hydro) and liot-air incubators. 

'Pile hot-water incubator has a tank of hot water (heated 
I O’ a lain]) on the circulating-lioiler jirinciplc), which radiates 
ifs heat downwards into the egg chamber. Ventilation is 
pinvided for by holes in the bottom and sides of the incu- 
liafor ; and moisture is ])roduced by a tray of water under- 
iirath the egg tray, which is usually of perforated zinc. 

Hot-air incubators have no water tank, and applied 
moisture is seldom used. There arc tAvo varieties of hot- 
lir in-ubahors : one has a hot-air tank, wliile the other 
has no taiilc at all, the outside air being heated by a lamp 
as it [)asses into the incubator, and slowly radiated through 
the egg chamber by means of porous diaphragmsi 

The Structure of the Egg 

The following information on the structure of the egg 
and the diagrams (Figs. 1. to 4) are taken, by pennisBion; 
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from an American vrork by Charles A; Cyphers, fig. i 
shows in diagrammatic section the various parts of a. 
fowl’s egg, in which a is the blastoderm, or germ-spot, 
which in a fertile egg has an outer white rim, a circular 
transparent area within, and inside this again an opacit}^ 
whereas in an unfertile egg no such distinct divisions can be 
seen; b, the white yolk, consisting of a central fiask- 



shaped mass and a number of layers concentrically arranged 
around it, the outer layer of white yolk lying immediately 
beneath the vitelline, or yolk membrane, and connected 
with the central mass beneath the blastoderm ; o, the 
yellow yolk; d, the vitelline or yolk membrane; e, a 
layer of more fluid albumen surrounding the yolk ; p, the 
chalaze, two twisted cords of albumen, which keep the 
yolk more steady in the albumen, and moderate the effects 
of shock ; g, the air chamber between the two layers of 
4 



PRINCIPLES OF INCUBATION 


I lie sl^ell membrane ; h, the shell, consisting of inner and 
niter porous* layers, on the inner side of the former being 
i Ihiclier outer membrane and a thin inner one which 
((^nd to separate at the broad end of the egg and form a 
G, in which air accumulates ; J, denser albumen (the 
‘ white ” of the egg), which extends around the yolk out- 
side the internal layer of more fluid albumen ; K, the 



Fig, 2. — Section of Egg after 48 hours’ Incubation 


honndfiry between the outer and middle portions of the 
:-iJhumen; 

Dining the descent of the egg along the oviduct f)f 
the fowl, where it is exposed to a temperature of llO^F, 
or more, the germ-spot undergoes changes which are arrested 
when the egg is cold, only to be renewed under the influence 
of the higher temperature of incubation. Owing to the 
lower density of that part of the yolk immediately surround- 
ing it, the germ-spot is always found uppermost, provided 
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the yolk is free to rotate. The yolk, too, is lighter than 
the albumen in which it is immersed, but the pressure of 
tlie germ-spot against tlic shell is moderated by the weigh i, 
of the chalazo f (P’ig. 1). 

The Development of the Embryo 

A fowl’s egg, after about 48 hours’ incubation, is shown 
in Fig. 2, the view being from above, and not a vertical 
section as in Fig. 1. The germ-spot, which at first 
with its margin on the circular wall of the fiask-shajjcd 
white yolk (see Fig. 1), spreads out, when incubation 
begins, and forms a thin circular sheet over tlie yoll. 
ultimately, and at a late ])eriod, com])letely ejivelo])ing il 
In Fig. 2, A indicates the area opaca, tiie ]>ortion of the 
germ-spot which extends as above described ; d, tin' 
vascular part (from which form the blood-vessels) of tlic 
area opaca, and e, the area ])ellucida ; both D and e grov. 
but not so fast as A. The embryo n is in the centr(‘ til 
the area pellucida, a is the yolk. 

During the first twelve hours of incubation the 'germ- 
s])ot, when viewed from above, is found to increase greatly 
in size. The central white spot, or pellucid area, becomes 
oval in outline and distinct. During the latter part of the 
first day is seen the first definite appearance of the head. 
At the beginning of the second day the head alone projects 
above the rest of the germ, the remainder of the embr}i/ 

being simply a part of a^at germ-spot. At about the 
6 
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wonty-sixth hour tlie tail makes its appearance, being 
lusod .above the level of the germ-spot in the way that 
j]e head was raised. The fii'st rudiment of the head 
ippears about the twenty-seventh hour, and is of a tubular 
haracter, being formed by a longitudinal fold of the 
^as^nlar layer. For some time it is undivided, being 
&iin))ly a long tube extending through nearly the whole 



Fig. 3. — Section of Egg after 11 days’ Incubation 


of the embryo. Altliough the development has 
inoriM'ded tlms far at about the IhirtN -tiftli hour, no motion 
i ' siaat in the heart or vessels until the thirty-eighth or 
hat ieth hour. 

iietween the fortieth and fiftieth hours a separation of 
lli(! heart in parts may be observed, and between the 
fiftieth and sixtieth hours the circulation of blood in the 
vascular area becomes more vigorous. The blood-vessels 
become connected during the latter part of the second 
da\% so as to form a complete system through which the 
7 
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blood definitely circulates. By tbe end of the third day 
the area opaca of the germ-spot is spread over about half 
tlie yolk ; the vascular area is much smaller than the area 
opaca, and still smaller is the area pellucida, in the centre 
of which is the rapidly growing embryo. During tlie tliird 
(lay a remarkable change takes place in the position of the 
embryo. Up to this time it has been lying symmetrically 
upon the yolk with the part which will be its mouth 
directed downwards. (If an egg be placed with its broad 
end to the right of the observer, the head of the embryo 
will in nearly all cases be found pointing away from him. 
Out of 166 examined, Duval found 163 in this position.) 
It now turns round so as to lie on its left side. This change 
of position is almost invariably completed on the thinl 
day. Comcidentally with the change of position the 
whole embryo begins to curve on itself ; this curvature 
of the body becomes still more marked on the fourth 
day. 

At the middle or end of the fourth day, the embryo 
is found to have greatly increased its size, and to be lying 
in almost immediate contact with the shell membrane. 
1’he blood is circulating more actively. 'The tail, first 
noticeable on the third day, has become a conspicuous 
feature of the embryo, which has become more curved upon 
itself. The distinct appearance of the limbs must be 
reckoned as one of the most important events of the fourth 

day. The allantois (an appendage of the alimentary canal) 
8 




PRINCIPLES OF INCUBATION 


^‘comjes conspicuous for the first time on this day, though 
Is rudiments appear on the third ; it may be recognised 
[s a pear-shaped reside, connected with the under surface 
)f the alimentary (feeding and nourishing) canal by a long 
lollow stalk. It does not, during the third day, project 
?eyond the body of the chick, but on the fourth it begins 
;o pass out on its way to that space between the externa) 



Fig. 4.- Section of Egg after 16 days' Incubation 

and internal folds of the amnion. In this space it spreads 
»nt and eventually encloses the whole contents of the egg 
)cnoath the shell membrane a (Fig. 4). On the first half 
)f the day it is very small, and its growth is not very 
papid ; in the < latter half of the day its growth becomes 
inore rapid. There are no new features to record on the 
fifth day ; the embryo remains excessively curved — so 
much so, indeed, that the head and tail are nearly in 
contact. The amnion at its complete closure on the fourth 
day very closely invested the body of the chick ; the true 

13 
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cavity of the amnion was then, therefore, very small On 
the fifth day fluid begins to collect in thc‘ cavity, and 
raises the membrane of the amnion to some distance from 
the embryo. The cavity becomes still larger by the sixth 
day, and on the seventh day it is of very considerable 
dimensions, the fluid increasing in it. 

By the sixth or seventh day the flexure of the body 
has become less marked, so that the head does not lie 
so near to the tail as on the previous days, and at tlie 
same time a more distinct neck makes its appearance. 
Though the head is still disproportionately large, its growth 
now ceases to be greater than that of the body. By the 
seventh day very obvious movements begin to appear iu 
the amnion ; its slow vermicular contractions creep ryth- j 
mically over it. The amnion, in fact, begins to pulsate 
slowly and rythmically, and by its pulsation the embryo 
is rocked to and fro in the egg. The allantois has grown 
rapidly and now forms a flattened bag, filled with fluid, 
covering the right side of the embryo. The yolk is nd| 
so fluid as on the sixth day, though it continues to absorb 
the white of the egg, which is diminishing rapidly. Durin" 
the eighth, ninth, and tenth days the a ’ nion does not 
undergo any very important changes. Ossification (the 
changing of the flesh into bone) begins on the eighth or 
ninth day. On the eighth day a chalky-Iooking patch ia 
observable on the top o^the nose. This, by the twelfth 
day, will be developed into horny but still soft beak, 
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|ii the thirteenth day nails will be visible at the extre- 
iiiies, and scales on the remaining portions of the toes; 
■ji(‘se on the sixteenth da}" will become harder and more 
^irny, as does also the beak. By the thirteenth day the 
[iriilaginous skeleton will be completed, and the various 
msclcs of the body can now be discerned with tolerable 
learn ess. 

As earl}’ as the ninth or tenth day the sacs containing 
he feathers begin to protrude from the surface of the back 
s especially prominent at first along the middle 

IMP of the back, from the neck to the rump and over the 
the sacs of the tail feathers being very conspicuous. 
)ii tlie thirteenth day these sacs, being generally distrb 
nited over the body, and acquiring a length of J in. or 
lore, appear to the naked eye as feathers, the thin walls 
f the sacs allowing their contents, now coloured according 
[) the breed of the bird, to shine through. They are still, 
owover, closed sacs, and, indeed, remain such even on 

nineteenth day, when many of them are of considerable 

hgih. 

Fig. 3 shows the egg after eleven days’ incubation, 
is tJic cavity of the allantois ; b, the albumen ; c, the 
i-vity of the amnion ; d, the umbilicus, or small hollow 
ihc connecting the embryo with the amnion, yolk-sac, 
tid allantois. 

By the eleventh day the abdominal walls, though still 
>osei and less formed than the walls of the chest, may 

II 
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be said to be definitely established, and the loops of 
intestine, which have hitherto been hanging down, are 
drawn up into the abdomen. The body of the embryo 
is therefore completed, but it still remains connected with 
its various appendages with a narrow umbilicus d (Fig. 3), 
in which run the stock of the allantois and the solid cord 
suspending the yolk-sac. The allantois, still growing 
rapidly, completely surrounds the whole contents of the 
egg, except at the pole opposite to the embryo, where for 
some little time a small portion of albumen remains 
unenclosed ; at this spot the diminished white of the egg 
adheres as a dense viscid plug. 

As early as the sixth day movements may be seen in 
the limbs of the embryo upon opening the egg. They 
cannot, however, be of any great extent until the four- 
teenth day, for up to this time the embryo retains the 
position in which it is formed — namely, that with its body 
at right angles to the long axis of the egg. On the four-^ 
teenth day a definite change of position takes place ; tlj< i 
chick moves so as to lie lengthwise in the egg, wil^- its^ 
head opposite the chorion and shell membrane, where they 
form the inner wall of the rapidly increasing air-chamber 
at the broad end. By the eighteenth day the fluid in the 
amniotic sac, in which the embryo lies, has entirely dis- 
appeared, and the chick is breathing the air which it 
contains. The pulmontry circulation, which has been 
gradually developing since the third day, increases ini 
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ifictivity, and the circulation of blood in the allantois 
■correspondingly diminishes. 

I The fowl’s egg sixteen days incubated is shown by 
Fig. 4. A is the cavity of the allantois. The allantois now 
completely envelops the embryo and yolk-sacs, and the 
remaining portion of albumen, B. The amnion is losing 
fluid, and very closely envelops the embryo, while the yolk 
1) is seen folded over it. The allantois becomes thinner 
nnd thinner as incubation progresses, so that at the last 
its two walls lie in direct contact, the fluid and cavity 
j entirely disappearing. On the nineteenth day the yolk- 
sac, diminished greatly in bulk, is withdrawn through the 
umbilicus into the abdominal cavity, which it largely 
distends. Outside the embryo there remains nothing now 
))ut the highly vascular allantois and the practically fluid- 
loss amnion. 

By the twentieth day the fluid in the allantois has 
ejitircly disappeared, and the chick now thrusts its beak 
tlirouch its coverings and breathes the outer air. In from 
it IX to ten hours from the time of first breathing the outer 
air, the chick, breaking the shell around the broad end 
of the egg with rapid blows of its beak, casts off the dry 
femains of the amnion and allantois, and quits the shell 

Essentials in Artificial Incuba^tion 

Only by close study of the instinctive actions of the 
[sitting hen can the essential conditions of artificial incu- 
*3 
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bation be understood and obtained. There is quite « 
number of special points wliich must be borne in mine 
by both the maker and user of an incubator. 

The hen, in a state of nature, forms her nest on th( 
ground in a secluded spot— frequently under a hedge 
The heat of her body draws moisture from the ground 
and thus renders the air around the eggs more or less 
humid. Probably, also, in her daily perambulation ii 
search of food, the breast feathers become wetted with tlu 
dew upon the grass, and this also adds moisture to tin 
surfaces of the eggs, which during the hen’s absence have 
become cooled and received an airing. Before scttlm^ 
down to sitting again, the hen often shufhes the 
about with her beak, as if to make her hard bed mon 
comfortable. 

It is but fair to say that there is controversy as U 
the exact means by wliich the moisture is supplied to eggs 
in course of natural incubation. Hens are known to njak(| 
nests in old carts, etc., under sheds, and, of coiu'se, thousand 
of wild birds build their nests high up in trees, so that 
the possibility of moisture being derived from the cartli 
is out of the question. Many experts believe that tht 
whole of the moisture comes to the eggs from above- 
from the hen’s breast feathers chiefly — and tliey construe! 
their incubators accordingly. 

From the fact-s already stated, it is possible to arri\e 
at certain conclusions as to essential conditions to be 
H 
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provided. The natural heat of a hen’s body, in health, is 
about 98° F* (blood heat) ; but when the brooding instinct, 
i’ightly termed a fever, affects her, the natural heat is 
increased, and is given by different authorities as ranging 
between 100° and F. 

The heating of the incubator, then, should be arranged 
so that the temperature neither exceeds 106° nor falls 
below 98°. The happy mean is between these points, and 
j)robably the safest heat at which to work will be 104° F., 
lliis allowing for a slight increase without much danger 
of fatal results following, provided the excess is not long 
continued, Special attention is here drawn to the fact 
1 hat the gc'rm will stand a prolojiged lowering of temperature 
much better than an increase. If the increase of heat is 
severe or long extended, it will generally prove fatal ; a 
decrease of heat, under like conditions, tends but to delay 
somewhat the time of hatching. In whatever position the 
egg may be lying, this life germ always floats at the top, 
will re it receives the greatest amount of heat. It is, 
therefore, of the highest importance that perfect accuracy 
of temperature be secured and maintained ; and to this 
end a reliable thermometer is a prime necessity. It should 
be specially made for incubator work, with the scale 
engraved indelibly on the stem. It must be fixed in the 
incubator, so that the upper surface of the bulb is level 
with, or but slightly below, the tops of the eggs. A little 
time spent in arranging this to a nicety will not be wasted, 
»5 
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Ventilation and moisture will be considered together, 
as the one depends somewhat upon the other. The shell 
of an egg is porous, and the natural inference is that it 
is so for the admission of air to the growing chick ; but, 
as the lungs are not developed until a somewhat advanced 
stage of incubation, a large supply cannot be required 
during the previous period. Presumably, also, it is porous 
for the admission of a certain amount of moisture. In 
this connection it may be noted that barometrical changes 
are probably a much more important factor in success or 
failure than is generally imagined. It certainly stands to 
reason that, with a low barometer, when the atmosphere 
is charged with abundant moisture, there is not much 
danger of the supply inside the incubator being insufficient, 
and probably an excessive supply may be harmful to the 
well-being of the embryo chick. On the other hand, when 
the barometer ranges high, and the air is dry, it is well- 
nigh impossible to overdo the artificial supply of moisture. 

The heat supply should be arranged so that as little 
work as possible is thrown upon the regulator ; the chiei 
purpose of an incubator regulator is to compensate for 
the variable temperature of the atmosphere, and all rough 
adjustments should be made by regulating the size of the 
lamp flame. Care should be taken that the necessary 
moisture is maintamed ; that the eggs receive daily a 
cooling and an airing, such as they would get under natuiil 

conditions; and that th^ arc turned so as to prevent 
:6 
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the germ, which always floats at the top of the egg, from 
jecoming fixed, thereby hindering or entirely arresting 
levelopment. The egg is to be turned at least once a day, 
io that the germ occupies a different position in the shell, 
shifting the eggs also tends to compensate for any slight 
piequalities of temperature which may exist in different 
^arts of the egg chamber, by ensuring that each egg shall 
in turn occupy each and every part. A daily exposure of 
the eggs to the atmosphere (but out of a draught) for a 
period of from ten minutes in cold weather to twenty 
minutes in the warmest weather will suffice for airing. 

An incubator should be worked in a room where it 
will not be subjected to draughts or to sudden or great 
changes of temperature. Do not allow loud noises in its 
neighbourhood ; do not handle the eggs roughly or 
fre(|uently ; and do not open the incubator more than 
jis absolutely necessary, especially near hatching time. 
Keep the lamp well supplied with good oil, and trim the 
wick at least every twenty-four hours ; and an hour after 
religliting make any necessary adjustment of flame. 

An important matter is the selection of the eggs to be 
used in an incubator. It often happens with some breeds 
or strains of birds, in consequence of the natural tendency 
to “ throw back ” in the progeny, or to revert to an 
nferior type if totally fresh blood is introduced, that 
continued close and in-breeding is resorted to ; as a con- 
lequence, the germs are weakened, and though under hens 

17 
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the eggs may develop into living birds, in incubators thej 
may prove failures. But the crossing of specimens of tw< 
distinct breeds, whilst it nfiay cause a reversion to ar 
inferior type for exhibition purposes only, will wonderful!) 
increase the vitality of the germ and resultant chick. 

The eggs most suitable for artificial incubation, there- 
fore, are those from first crosses — where the parents or 
either side are pure bred ; but when a fair measure oi 
success is attained with these, attempts may be made with 
eggs from highly-bred pure breeds with greater chance.- 
of success. To procure from shops “ new-laid ” eggs ol 
doubtful freshness, and in ignorance of the conditions 
under which they were produced, is but to court failure, 
and still more so is it to fill U]) the incubator with foreign 
eggs* 

The eggs should be the produce of hens, arid not oj 
puUetSj mated, by preference, with a vigorous cockerel ; 
they should be of uniform size, all abnormally large or 
small ones, and those of irregular shape, being rejected, 

The necessary periods for the incubation of eggs, bo/h 
with the naturd mid artifidfil inethods, are as follows:— 
Hen, twenty-one days; pheasant and partridge, twenty' 
four days ; duck and turke}^, twenty- eight days ,' goose, 
thirty days. Some varieties of ducks — those approaching 
more nearly the wild state — also take thirty days* 



CHAPTER II 

An Approved Pattern of Hydro Incubator 

Tins chapter will describe and illustrate the construction 
(►f a type of hydro or hot- water incubator, which has 
served as a model for manufacturers all the world over, 
and which has remained of substantially the same design 



Jog. 5.— Front Elevation of 50-Egg Hydro Incubator 

for between twenty and thirty years. It is based on a well- 
I' nowii Hearson type — the “ Champion ” — and it may be 
noted that Charles Edward Hearson’s incubator, of which 
the provisional specification was lodged in the British 
Patent Office on November 24th, 1881, and the complete 
^9 
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apecification on May 23rd, 1882, quickly came into high 
repute, chiefly becaiise the inventor happened' to hit upon 
what was at that time the only reliable regulator for main- 
taining, uniform heat in the egg chamber. His capsule 
regulator is still the most popular type on the market. 

A 60-egg Hearson-type incubator, with drying box, is 
shown by Figs. 6 to 10, under each figure being an explana- 



F5g. 6.— -End Elevation of 50-Egg Hydro Incubator 

tory inscription. The outer case is made of J-in. yellow 
pine, in the form of a square box 20 in. long, 20 in. wide, 
and 11 \ in, from the top of the base- board to the under- 
side of the top, dovetailed at the corners. Both base and 
top are also of pine, with the edges rounded, the base 
oeing in one piece. The top — apart from the glazed lid 
at the front— is in narrow widths, secured by round-headed 
brass screws, with w^ashers under their heads. The oneninfi 
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or the drawer, 15J in. long and 5 in. high, is cut in the 
rout of the* case, 1 in. above the top of the base-board. 
)n a level with the bottom of this opening is fixed the 
nner floor, on which the drawer slides. As shown, there 
s a i-in. space between the inner bottom and the base for 
ventilation purposes, the air passing in through four holes 



Fig. 7. — Part Plan of Lid and Part Horizontal Section 
through Egg Chamber 

bored in the corners of the base, and finding its way into 
the egg chamber through a central hole in the inner bottom. 

The water tank is 17 in. square and 4 in. deep, and is 
made of copper ; it is traversed by a flue 1 J in. in diameter 
ai'd 13 in. long from the outside of the water jacket, which 
extends to the outside of the case. ' The return flue is | in, 
from the other, and the two are arranged to occupy a 
central position, widthways, in the tank. Where they pass 

Ji 
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through the woodwork of the case and the packing, the 
flues are encased in a water jacket 4| in, wide; 2| in. deep, 
and li in. long, the upper corners of which are quadrant 
shaped. 

There is a false bottom, which may be of perforated 
zmc, arranged about | in. from the bottom of the tank. 



Fig, 8. — Vertical Cro§8 Section through Centre of 
Incubator, with Drawer partly drawn 

Between the top of the tank and the underside of the 
lid there is a space of 4J in., and, 8J in. from the inside ol 
the front of the case, this space is partitioned off by a 
|-in. board running right across the case, and this forms 
a drying box for the newly hatched chickens. As seen in 
Fig. 8, a floor, | in, thick and 7| in. wide, is fixed, distant 
in. from the underside of the lid ; this allows a space 
of about I in. between the lower side of the floor and the 
top of the tank ; to the e^ge of this floor a J-in. upright, 
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I in. wide, is fixed, and along tlie upper bank edge of this 
[)iight piece* a strip of coarsely perforated zinc is tacked. 

Jn Fig. 5 three tiers of ventilation holes are shown, each 
)](* being furnished with a J-in. brass eyelet ; those in 
c lower row serve as outlet ventilators for the egg 
lamber— the inlets being through the base, as previously 



9.— Longitudinal Section through Centre of 
Incubator 

entioned. A similar row of holes is provided at the back 
the rase, although they are not shown in Fig. 8. The 
iddle row of holes serves as inlets for fresh air, which is 
sinned as it passes over the tank, and passed between 
le partition and the 2i-in. upright piece, through the 
‘if orated zinc, into the drying box, finally escaping, laden 
ith the moisture from the drying chicks, through the 
>per row of holes. The glazed lid, forming the front 
irtion of the top, by which the chickens are introduced 
*3 
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and removed, fits over tlie drying box, and is not fixed, bnl 
is kept in position by small fillets tacked to the undersidej 
The opening which takes the egg drawer is 15J in. 
wide, 17| in. from the front of the case to the partition 
supporting the tank, and 7i in. high from the surface of 
the inner floor to the bottom of the tank. The egg drawer is 



Fig. 10. — Part Sectional Plan of Incut>ator 
through Tank 

an easy fit in the 15J-in. by 5-in. hole cut in the front ol 
the case, and is 17| in. long from inside the false front, 
which, as will be seen, overlaps the drawer opening about 
t in. all round. The inside measurement of the drawer 
is 14 J in. square. The wood frame, which is covered with 
perforated zinc, and forms the bottom upon which the 
eggs rest during incubation, allows a space of in. 
the sides of the- drawer, «and the concavity of sine 
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allows the eggs in the centre of the drawer to be 
! ill. lower than those at the extreme sides. 

For noting the temperature of the egg drawer, a hole 
! bored through the drawer front ; outside it is bushed 
ith a brass eyelet, and inside it is fitted with a paste- 
oard tube of about f in. internal diameter, which projects 
J in. inside the drawer. The centre of this hole is J in. 
plow the drawer top, and, when in use, the thermometer 
iilb projects slightly beyond the inner end of the paste- 
oard tube, and is thus in the correct position for recording 
\w he, at reaching the whole of the eggs, the concavity of 
lip bottom of the egg drawer compensating for differences 
f temperature which exist l)etween the centre and the 
iitsides of the egg chamber. The zinc water tray beneath 
IP egg drawer is 12.1 in. square, with sides 1 in. high and 
liole 4 in. diameter in the centre. The inner inverted 
rav of coarsely [)erf orated zinc which supports the damping 
mvas is 11 in. square and 1 in. high. Over this zinc 
[ij)[)ort a doulile thickness of coarse canvas is used, and 
^ps all round in the water contained in the tray, so all 
ir ])assing into the incubator is filtered through the wet 
Ennas and moistened in its passage. A single thickness 
f the dry canvas is used under the eggs in the egg 
rawer. 

The heat-regulating apparatus, w'hich includes a capsule, 
fully described in Chapter VI. The bottom of the tripod, 
pon which the capsule rests, is in. £i*om the bottom 
^5 
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of the tank, and the needle tube which supports the tripodi 
is arranged in the centre of the egg drawer. 

The heating arrangements consist of a lamp box, 13 in. 
high, 8 in. wide, with a projection of 5 in. of which J in. 
consists of an air space between the lamp box proper am] 
the side of tlie case. The upper portion of the lamp box, 
to a depth of OJ in., contains in the front portion aH-shaped 
inlet flue, and in the back portion a J-shaped outlet flue, 
both 1| in. in diameter. The flues in the lamp box are 
embedded in some non-conducting composition to connect 
them with the flue traversing the tank, a couple of nipples 
or connectors are employed, 2| in. long, and of such diameter 
that they are a good fit in the flues, a reeded band being 
raised about the centre of each connector to prevent it 
being pushed wholly into one portion of the flue. Both 
inlet and outlet flues extend 1 in. above the lamp-box] 
casing ; and, to protect the woodwork of the incubator] 
the back of the lamp box is extended upward 2J in. tl 
form a shield, and the upper end is bent outwards to the 
extent of 1 in. 

The lamp which supplies the heat is a rectanguhir 
vessel made of tinplate, 8 in. long, 4 in. wide, and 2 in. 
deep, mounted on and hinged to the back of a (J'Shaped 
casing of similar dimensions, but 3 in. deep. Beneatli 
the lamp at the front end, and fixed to the bottom of 
the casing, is a spiral spring ; in order to keep the 8||ring 

in check, a square wire loop is hinged to the caring' and^ 
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)asses over a, catch soldered to the lamp reservoir. The 
mner is of the flat-wick type, but of somewhat special 
onstruction, obtainable from dealers in incubator fittings ; 
it takes a |-in. wick, and is fitted with a gallery to accom- 
iiodate a glass cylinder chimney, about 3 in. long and 
21 in. diameter, which serves as a connection between 
the lamp burner and the inlet flue in the lamp box. To 
place the lamp in position, the spring is depressed so as 
[to allow the glass cylinder to pass into the opening in the 
front of the lamp box, on the bottom of which the lamp 
slides. When the lamp is pushed quite home the spring 
is released, and the glass cylinder then beds itself against 
the bottom of the upper portion of the lamp box so that 
the burner is inunediately below the opening of the inlet 
hue, whilst the spring exerts its influence to keep the glass 
tiglitly in place. When the lamp requires to be trimmed 
or replenished with oil, it may be easily withdrawn by 
first depressing the S})ring. 

For packing between the egg chamber and the case, 
and fdso round the tank, ordinary sawdust is employed, as 
indicated in the illustrations, and as these are strictly to 
scale, all minor measurements may be taken from them. 

Modifloations and Suggested Improvements 

In a modified form of the incubator above described, 
in the first place, the drying box is done away with — 
aot because it is of no use, but because a foster-mother, 
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described in Chapter IX., serves not only as a drying box, 
but also as a nursery in which to keep the chickens for 
the first few days of their existence before they are strong 
enough to be turned out into a rearer. There being no 
drying box, the height of the incubator between base and 
lid is reduced from 171 in. to 15 in. in this machine, still 



Fig. 11. — Longitudinal Section through Modihed Hydro Incubator 

allowing for 2 in. of cork-dust packing aboN^e the tank. 
Fig. 11 is a longitudinal section through the modified 
machine (the reference letters are explained in Chapter VI.) 

The principal alteration and improvement will be found 
in the tank. This is 17 in. square, but 4^ in. deep, and 
is traversed by a flue, in. diameter, which is “ baffled ” 

at intervals throughout length (see Fig. 12). In this 
aS 
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iicubator as large a flue surface as possible is exposed, 
ind the return flue, instead of being passed out at the 
side and into the lamp box, is turned upward near the 



Fig. 12. Portion of Heating 
Flue, bhowing Baffle 


end of the tank and passed 
out through the lid. The 
lamp box is constructed on 
similar lines to that shown 
by Fig. 13, and is in. 
stpiare on plan and 4 in. 
high, and contains, quite 
centrally, a If -in. •^-piecc 
or inlet flue, packed tightly 
in silicate cotton. The 


amp is a rectangular vessel 7 in. long, 4 in. wide, 
ind 3 in. deep, upon which is mounted a “ Silver ” 
liiinneyless burner taking a f-in. wick. 


In this connection it 
may be worth mention- 
that the collars into 
'\hi(h the “Silver” 
burners screw are the 
fcianie size for both the 
and |-in. sizes. In 
pny lamp more perfect 
^combustion is obtained 
when the flame is turned 
pP as high as possible 



Fig. 13. — View of l.aoip Box 
cut away to thow Flue 
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without smoking. It is advisable to procure a burner| 
of each size for this incubator, because a burner taking 
a f-in. wick is not powerful enough to keep up the 
requisite heat in cold weather ; yet in hot weather it is 
almost impossible to keep a small enough flame in s 
f-in. burner, without a waste of heat ; and when the 
flame is turned very low, a slight smell of un burnt 
petroleum vapour is perceptible, which, if not injurious, 
is at any rate unpleasant. (As a matter of fact, with, 
incomplete combustion carbon /wo»<oxide instead of the j 
dioxide is formed, and this is distinctly injurious.) ^ 
This arrangement of lamp and flues will be found very 
economical. 

Details of the regulator, ventilation, and damping 
arrangements, also of the egg drawer, arc the same as 
already described, with the exception that, as the flue 
passes round the outer part of the tank instead of being 
in its centre, the heat from the tank is less central, con-' 
sequently the egg drawer may be less concave. A ncarl> 
flat bottom to the egg drawer is desirable, but, if it is quite 
flat, the central eggs will get more heat than those nearer 
the outside. In the present instance, a dishing to the 
extent of J in. will suffice. The loose shutter will be found 
a great convenience, especially at hatching time, as it is 
possible to ascertain the state of the eggs without pulling 
otLt the drawer, with the consequent lowering of tempera- 
ture. Also, should a chief get hung up in the regulator 
30 
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:ipod — a not uncommon occurrence — ^it can be moved 
revious to pulling out the drawer, thus avoiding maiming 
,, or the breaking of one or more eggs — a likely consequence 
hen the cause of any obstruction cannot be seen, as is 
tie case with a solid-fronted drawOT. 



CHAPTER ril 

An Easily Made 100-Egg Incubator 

Fig. 14 shows an easily made 100-egg hydro incubator (with 
the front out) much as it should appear when ready for 
use. A is the tank ; b is the regulating screw with damper | 
rod and bracket ; c is the drying box ; d the hot-air tube ; 
E the capsule and its stand ; p the drawer front ; g the 
moisture tray ; h the circulator ; j the lamp and tray ; 
and K is the silicate of cotton packing. 

No incubator will be found satisfactory unless it is con- 
structed with an inner and outer case, since the atmosphere 
coming directly on to the eggs from the ventilation holes 
is injurious, as the eggs round the edge of the drawer 
frame will be found to be at least 4° F. cooler than those 
nearer the centre. For a 100-egg incubator, the outer 
case should be made of f-in. seasoned pine 22 in. square 
inside, the height, including top and bottom, being 18J in. 
The hole in front for the double-fronted drawer should 
measure 18 in. by 8 in., and the drawer front must be 
the full width of the machine, viz., 23J in; by in., so 
that when closed the whole space in the outer case is 
covered. This drawer front having no stay may warp 
slightly, and to prevent t-Ms, insert in each end a piece 
43 
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pine the opposite way to the grain of the drawer front, 
d OJ in. by IJ in. by J in. To insert this piece, two 
fs with a tenon saw J in. apart and IJ in. deep must be 
ide in each end of the drawer ; then pass down a i-in. 
iner chisel, which will remove the piece. 

The most durable method of putting the case together 
dovetailing. The dovetails must fit tightly, and be put 
Tother with thin glue, or they will be useless. The top and 
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bottom must be screwed on, the screws being about 3 iij 
apart. 

Ventilation holes in the outer case should be bor( 
4 in. apart, 2J in. from the bottom of the tank, and i i 
in size. A fillet of wood, | in. thick, should be nailed i 
"•^ch side on the bottom. The inner case should be 18 ir 
square, and 8 in. high, and should be screwed or nait' 
to the fillets fixed in the floor of the machine. Befor 
fixing the inner case, set out the ventilation holes to con 
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Fig, 15,---Section through Drawer 
Frame and Air Chamber 

between the holes in the outer case ; this is easily don 
by placing the inner case in position, and passing a pem 
through the holes already drilled to mark the inner caj 
Then drill the holes exactly midway between the marls, 
and thus the necessary amount of ventilation is obtaiiifi 
and draught is avoided. 

The drawer front for the inner case, 18 in. long aiv 
6 in. wide, must fit flush with (he inner case. This is simpl 
a square wooden frame, and the'bottom of the outer cas 
forms the bottom of the inner ona also. A fillet, 1 J in. bj 
J in., must be fastened on each side of the inner case i 
the bottom, and on it runs the egg drawer* Another fille 
34 
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lid be fixed 2 in. above it on each side, so that the 
drawer, which must be 2 in. deep (barely), will slide 
nd out easily. 

]’he egg drawer is 18 in. wide by 17i in. (barely) from 
k to front, thus allowing | in., so that the inner drawer 
ts flush. The inner drawer front will be 18 wide 



0 in. deep, and it is screwed to the drawer frame. 

I pc bli.c-ks of wood 6 in. long, in. wide, and I in. 
are placed between the inner and outer front, a 4-in. 
pa.ssed right through each block from the inside 
the inner front and gripping the outer front to the 
iw er frame ; see Fig. 15, 

The egg drawer frame should be dovetailed at the 
rners, and a 1-in. equilateral triangle of wood aliould 
glued and tacked in each corner. The bottom of the 
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frame should be covered with perforated zinc with 
holes, and tacked on to the frame with J-in. copper ta 
It should be stretched as tightly as possible to giv 
rigidity. The tank and hot-air pipes should be made of 6 
sheet copper (the weight is that of a sheet 4 ft. x 2 ft). 
bottom and sides are made from one piece, and the coijk 
are cut and lapped as in Fig. 16. The piece is cut to 
full lines, and bent on the dotted lines at riglit angl 
The corners will then lap, and must be well soldered outsi 
and inside. To the 2 'in. hole in the centre a piece of copj 
tube 4 in. long is soldered. The 2-m. and 2|-in. ho 

I 

for the hot-air pipe should be cut while the sheet is in tl 
flat, and the holes in the outer case should be cut wliej 

I 

the tank is in position. The 2-in. hot-air pipes must exton 
from side to side of the tank, and be brought out at' tl 
2-in. hole, a piece of 2|-in. pi})e, say 4 in. long, connectii 
the tank with the circulator. The T-piece is 2 im'i 
diameter, and the to}> of the tank must be 19 in. scius 
with a |-in. hole in the centre. The centre should l)e 
raised about J in., and a piece of J-in. pipe soldered i 
beside the J-in. pipe to allow the air to escape. The |-ii 
pipe must be brought flush with the top of the ma(;hin 
which prevents the water getting air-locked, and ensur 
perfect circulation. The top of the tank should be tuna 
down i in, all round, and well soldered in as the lid of 
box. The 4-in. by J-in. copper tube now projectii 
through the lid must ^Iso be tightly soldered ; on 
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is soldered in the top of the circulator, and the tanjik 
filled through it. The T-piece (Fig. 19) is 6 in. I’o! 
with a 6-in. projection, the hot-air flue being near J I 
top. A 2J-in. hole is cut in the side of the circulator^, 
the top of the T-piece is threaded througlf it. '1 
end of the T-piece is now soldered to the projecting tr 
of the hot-air flue in the tank, and the top and bottol 
of the T-piece are fixed in the top and bottom of ti 




Fi^. 20. — Pattern for Bottom 
of Circulator 


Fig. 21.— Cone-top Ciroulatol 


circulator, and the piece of pipe, 4 in. long by 2J in. ii 
diameter, is soldered over the 2J-in. hole in the side of^ 
the circulator. 

A cone-top circulator is made of 5-lb. copper. The 
jacket is made of a piece of sheet copper 5 in. by 17 iu 
in #te flat; this is bent into a circle and the two ecfees 
well lapped and soldered. Prior to bending it, cutfi 
2-in. hole 3 in. from the top edge ; this hole is to pass tl« 
long end of the T -piece through. Now cut a disk of copper 
7 in. in diameter with a 2J-in. hole in the centre ; this 
disk must be dished. To obtain this shape it is necessa]| 

38 




100.EGG INCUBATOR 

) cut out a wedge piece 2 in. wide from tbe edge to the 
(litre (see Fig. 20). The two edges are now drawn 
iftether, lapped, and soldered ; the bottom is then ready 
I be soldered to the jacket, and the bottom of the T-piece 
Idered into the hole in the bottom. The top of the 
iculator is made in a similar manner, and of the same 



iiTMCTisions. The air- tap is soldered in the top of the 
jirculaior close to the centre, and should be left open 
^Len the tank is being filled, so as to prevent the water 
etting air-locked, which would prevent the water cii- 
ulating. The centre hole will be 2 in. when the didc 
» drawn together. Fig. 21 shows the circulator. 

The hot-air flue is carried from the circulator across 
front of the tank, then along the side, and returns 
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across the back of the machine through the side, of tk 
tank, j)acking, and outer case, and projects, say, i in[>. 
or it may be turned up with an elbow and cap, as shovlTi 
in Fig. 2*2. The flue can be made of 5-lb. sheet copper, 
Fig. 22 showing where the mitred joints occur. These 
mitred pipes must be well soldered together, and should' 
be tested with boiling water before the flues are fixed in; 
the tank to ensure the joints being sound ; a leak wil 
often show with boiling water but not with cold water, 
owing to the metal expanding when subjected to he 
Four strips of wood, 2| in. wide and | in. thick, should M 
placed on the top of the inner case, so that they reacl 
the outer case. On them rests the packing round the 
edges of the tank. The tank is now placed on top.oi 
these pieces so that there is a 2-in. space all round thn 
tank, and this space is filled tightly with silicate of cotton 
or powdered cork or sawdust, silicate of cotton being 
preferred. The top of the tank should also be covered 
with the same packing. The circulator is now soldered 
to the piece of projecting pipe, which is 4 in. by 2| in. 
The 2-in. hot-air flue is also connected to the T-.piece,iii 
the circulator, as in Fig. 23. 

The regulator rod with the cap on the end is sufUbiently 
long for the cap to hang over the top of the T-piece iu 
the middle of the circulator, so that when the cap is down, 
it alters the course of the heat, and passes it through the- 
air tubes. A J-in. straight wire, sufficiently long to rea(dp 
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b a screw in tlie regulating rod, is placed on tbe eapstii6» 

t he screw being about i in. from the hinge of the rod and 
oilowed at the end by a centre punch or small drill. The 
wire from the capsule is filed to a point to prevent the 
screw slipping off it, as shown in Fig. 24. 

The lamp is of tin-plate, with a |-in. Queen Anne burner 
fixed about 1 in. from the end. It should be 20 in. long, 
4 in. wide, and IJ in. deep, and its top is cut and lapped 
pt the corners the same as the tank, and then soldered 



on a piece of flat tin 20^ in. long and 4J in. wide, thus 
allowing J in. all round the lamp bottom for soldering. 
To show the quantity of oil in the lainp, a float is oon- 
itrticted of round cork 1 J in. by J in, thick. A thin wire 
s passed through the centre and is fixed in the cork by a 
lieci. of thin tin being soldered at the top and bottom 
f the cork. Place this in the lamp before putting the 
oitom on, and pass the wire through a small hole made 
\ the top of the lamp about in the middle ; this wire 
Ist work in a guide soldered on the lamp to prevent it 
Jptmg when rising, A gauge is soldered close to this 
Pro- to show the height to which the wire rises when the 
4 * 
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lamp is full, and as the oil bums tbe wire will fall. 
best guide is a piece oi tube 1 in. long and } in. in diamet® 
A small piece of metal is soldered on top of this tube wi^ 
a central hole, through which the wire passes easily. li 
fixing this float, get it upright, with the small holes in th 
lamp and pipe directly in line. The lamp is fixed (ij 
the side of the machine by means of a tin tray 4J in. wid 



and 20J in, long, turned up J in. at one end and 
sides. It is soldered to two pieces of iron 7 in. long, 
wide, and J in. thick, and the ends of these stays 
two square staples which are screwed on the bott(| 
the machine, so that it is easily removed {see Fig^j, 
The chimney may be constructed of thin tin-plate wi; 
a piece of mica or talc let in its side. When in its |i? 
the top of the chimney is about J in. from the 
of the centre of the circulator. Into this space 
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^hes, and Seated, causing a very t^uick draught 
pugh the hot air flues in the tank, A Queen Anne 
irner and collar can be obtained from any ironmonger’^ 
I a cost of about 8d., and a reliable capsule can be obtained 
jom the dealers. The thermometer should be 12 in. long, 
1(1 the section of it shows thus A which causes the 
i^rcury to appear nearly J in. wide. 

I The moisture tray is made of stout sheet zinc, say 
0 . 11, and is 17 in. square, 1 in. deep, turned up 1 in. 
i round. This tray is half filled with equal quantities 
bulk of sand and broken charcoal, saturated with water, 
id of course placed imder the egg drawer on the bottom 
the machine. This should be examined once a week, 

I d kept moist. 

When the thermometer registers 102® P., the regulating 
ew in the damper rod should be screwed down so that 
ip cap in the middle of the circulator is raised J in. 

^J!t is possible to bend copper pipe by first softening it, 
ing it blood-red hot, and plunging it into water. It 
Las to be filled with lead and hammered on a mandrel 
he required shape. This is a long process, and requires 
dence, as the lead then has to be again melted out 
It is mitred with far less time and trouble, and 
result is quite satisfactory. Bending the pipe to 
required angle may slit it, and hammering it makes 
copper very hard^ 
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CHAPTER IV 

Making a 60-Egg Coil-heated Incubator 

Tee incubator illustrated in Figs. 26 and 27 is of a 141 
usual type than those described m earlier chapters. 



Hiec. 

a piece of d by a circulatory system of hot^water pipfl 
the top of thibn a boiler hxed outside the incubator wallj 
of the centre oi that by this arrangeamt a egiE 
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aperatwee is oveu whole of 

m by either the tank or the hut-air system, but, li; 
many related matters, this is a moot point. However^ 
markable results have been achieved by incubatoW 
lilt on this principle. Their advocates claim that whereitS 
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Oood, dry yellow pine is the best material for li-'l 
woodwork. First mak* the drawer 1 ft. 31 in. squ^ 
in^idfl of i-in. stuff 2i in. wide. Make it exac% squtl^ 
outside, so that it may be taken right out and tun^-: 
round side to front each time of turning the eggs, aiijV 
so that any slight variations of temperature may h^' 
no ill-effect. At a distance of 1| in. from the top, gadi'i 



a line,®Sppi»few it fix corner brackets 3 in. by 3 in. by 
J in., M ledges J in. by i in. aU along between them 
as shown in Fig. 28. Then nail a piece of perfor<i?^d 
sheet zinc^n top of these for the drawer bottom. 

frame up the inside walls, wliich are J in. thick 
and lOJ in. wide, for one side and the back, the right 
hand side being made If in. narrower, so that the coj 
*can bo put in place later, a piece 1| in. wide being us^ 
to ffiake up to the full width. Make the inside width| 



|e working fit for the drawer, md extend th« aides 1 in. 
the front longer than the drawer, to allow for the door 
okness. Nail a bar 1 ft. in. by 4 in. by J in. across 
ween the sides at the front level with the top edge, 
I a strip of equal length 2i inj by J in. at right angles 
in the first, as shown in Fig. 29. These serve to hold 
1 packing over the doorway. Seven and a half inches 
ivn from the top, nail strips of about J in. by 1 in. section 



)ii both sides to carry the egg drawer which runs on them, 
ind nail twq pieces above tho drawer. Make the outei 
bottom of |-in. thick material and 1 ft. 11 J in. wide by 
I ft. lOJ in. deep from front to back. Cut away l|-in. 
ay I in. strips from both sides of each comer to take the 
,egs, as shown in Fig. 30. 

To the bottom, nail ledges 1 in. by | in. thick all romid 

i § in. from the ledges, except at the front, where it come* 
Mi in. of the edge. On these will rest the inner bottom? 
) form the air space for ventilation. The inner bottom 
cneasures 1 ft. in. by 1 ft. 4^ in., and is 
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ily tested and secured in place; Screw the front in 

)lace. 

S'ow make the inside top 1 ft. 41- in. square by J in,, 
! fix three ledges, 1 J in. by i in., to project J in. each 
, and in the positions shown in Figs. 27 and 29. When 



- 2 ' 3 " « — 

32. — Laying out Copper Sheet for Boiler, I’lpes, etc. 


[>l/ed in its [)lace inside the inner walls, the inside top 
1' on thns(‘ h’dg'^'B at the sides and ends. 

ihv water tray 11 in. square by 1^ in. deep, the 
n\il \eiitilatiuu space being 6 in. by 2 in., place in 
ilion, and nail strips of J in, stuff all round except the 
jtt , as shown in Fig. 27; 

ih’ociue a piece of 8-lb. sheet copper 2 ft. 3 in. by 
•, which will be sufficient to make the coil pipes and 
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boiler complete, and cut up as shown in Fig. 32. \ 
copper sheets are made 4 ft. by 2 ft. of various weig 
This particular gauge will therefore run 1 lb. to the sq« 
foot, and should be bought for about Is. j)er pound. Ko 
])ipe (see Fig. 32) is made from a copper strip 1 ft. 8i 
by 4 in. In Fig. 33 all the pipes will be found number 
off, and the pieces marked out in Fig. 32 correspond m 
these numbers. Some of these pieces are long enougli 
make two pipes, in which case a saving of materijil 
effected by cutting the resulting pipe in two on the jui 
which these lengths are calculated for. Bend the j;j 
plates one at a time round a broom handle or other sinii, 
rounded stick, tapping them into shape with a mal 
Clean the two adjacent edges, tic a piece of string rov 
each end to hold the bent j)lates to in. diameter, flu 
run the soldering fluid well into the joints, which shun 
now have about J-iii. lap, and solder up, makinif 
thorough job of them, as, of course, they must be qiiil 
watertight; 

Cut them on the mitre with a fine saw to the Iciigtl 
and positions of angles showm in Fig. 33. File the ew 
until they will fit their respective partners to form corre 
right angles, clean up all round the joints inside and outsid 
and well solder as before described. As each comcri 
finished, test it with hot water in the angle, lilling i 
pipes as full as possible, and rectifying any leakage be| 
proceeding farther. 
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Put them together as finished on a level board (a 
)d one is the inside cover, on v liich the coil may be 
out), so that the finished coil shall be on one plane. 
(, a J'in. hole for the filling pipe at mid-lenglh in pipe 
2 before bending it, and drill a J-in. hole for the aii 
>0 in pi])e No. 6. When all the pipes arc assembled and 
(iered up, stop one end with a suitable copper cap, 



Pijf. 33. — Circulating Coil 


dor the air and filling tubes in place (whicl) are each 
in. long), plug them with wood, and fill the coil with 
iei’ at the o[)en end. If any leak shows, resolder and 
it ..'"ain until correct. I'lien solder a cap on the other 
l 1 of the coil, and bore two ^’-in. holes in the under side 
ihe coil as near as practicable to the ends. In these 
L*s the flow-and-return pipes from the boiler will after* 
tls be fixed. 

t'ut a number of small pieces of copper | in. by J in. 
|[orm strengthening gussets, and solder them across 

5 * 




-Hori/.omal Section through Coil-heated Incubator 


Fthc coil angles as shown in Fig. 34. Give the \\h\ 
Oil, more es])ccially the under siiihiccs, a good c(Kti i 
lampblack mixed with methylated sjhrit and just sulhcioi 
shellac to hold it together. Or mix tur[ientine and 
little gold-size or oak varnish with the lampblack, 
any case, it should dry a dead black, as this materia|| 
assists the radiation of heat from the coil surfaces; 

Lift oil the inside top board, if the coil has not bt] 
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fc on it, and screw the coil in its place, allowing |-in- 
gin all round between the edges of the board and the 
PS. Replace the board, and mark the position of the 
s to be cut in the inner and outer walls on the right- 
x] side for the coil pi}>es to pass through. Tlie bottom 
‘ of the coil should now stand 21 in. from the drawer 
edge, as shown in Fig. 27. Cut them out to fit, and 
frame is ready for the boiler. 



M‘*,anwhile glue- joint the J-in. boards for the outer 
er, which is of equal area with the outer bottom. Plane 
i[), and bore the holes for the air and filling pipes of the 
I to pass ’through. Fit in place, and screw down 
h boitom or round-headed screws. Procure a 

iiigUi incubator thermometer about^ 7 in. long, bore a 
through the left-hand side of the incubator on the 
1 of the drawer top (see th, Figs. 27 and 29), which 
I he about the egg level, sufficiently large to allow a 
^ to be fixed across the two walls. It should be an 
fit for the thermometer, and also prevent the sawdust 
:ing from choking the hole. 
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Bore two |-in. holes in each of the four sides ri 
through the double walls for ventilation. They sho 
be about IJ in. down from the bottoin of the coil to 
centres. Get a J-in. round stick or tube 1 ft. long, a 
roll some glued jiapcr round it to form a couple of paj 
tubes to fit the ventilation holes. Wlion dried harl 
these will cut up into eight ventilation tubes, which shouj 
be glued across from wall to wall in the holes IxJ 
previously to receive them {see v, Fig. *27). Procure I 
quantity of coarse dry sawdust, raise tlie outside ij 
and tightly pack all the packing space with the dust. 

The capsule regulator now requires attention, 'j 
whole thing may be bought complete for a few shillij 
and this is really the best thing to do. But for those v 
wish to make their own, full instructions are given 
Cha})ter VT. Tn this machine the needle tube of ll 
regulator from wdiich the capsule bracket is suspendf 
should be suflicicntly long to hang | in. below the roil 
and sliould be scroAVed or soldered st'curely to the bradi 
plate on,;^op ; there ])clng no tank to secure it to, ill 

in i 
oles ' 

and fix it in place. 

Plane up four legs 2 in. square and 1 ft. 7 in. Ion 
from a point 7 in. down from the top, taper them to 
square. Gauge off f-in. thickness on two edges i 
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necessary. Its bottom end is screwed 
iffl^capsule bracket thiead. Bore the necessary h 
receive the regulator at about the position shown in 
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end, and cut away between them for 5 in. down {see 
36), so that they may fit the ineubator corners, and 
\v them securely in place at the four corners. 

Yho next part is the boiler. This type of horizontal 
dT has been specially designed for tliis inciibator. It 
been arranged to give a flue area a,s long and large 
)ossible. The whole thing is made of the same gauge 
>or as the circulating pipes. 



Fig. 37. — Plate Diagram for Boiler Shell 


^ut out the })lato for the shell 7] in. by 10} in., mark 
the three holes for the two chimneys 1 J in. in diameter, 
the exit wat-er-}»ipe hole £ in. across. 'Jhe IJ-in. hole 
kikt* the bottom of I^o. 1 chimney must also be cut. 
be should be spaced as indicated in Fig. 37. Plane 
block of soft wood 9 in. by 2£ in. by in., and round 
off the corners. Bend the plate carefully round this 
the 7-in. side lengthwise, so that the lap seam shall be 
te of the sides and the holes central at the top ; but 
now solder it. Next prepare the flues. Cut out 
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the copper for these in one length 12 in. by 5f in., I 
round a block of l|-in. by |-in. section, clean up v 
glasspaper or by scraping with a knife both surfaces of ( 
joint, and carefully solder up watertiglit. I 

Now mark off the lengths as shown in Fig. 38, and wl 
a fine saw cut them across at a mitre angle of 45° ulij 
still in position on the wood. File up the joints to 
together at right angles, and see that the two horizont 



Boiler 


of Flues 


flues are parallel I in. apart. The mitre joint, is sIiur 
at Fig. 39. Cut the FJ-in. liolc in the shorter toj) I'.i 
for the No. 2 chimney, and shape the corresponding f‘i 
ef ^^^nger bottom flue to fit into the No. I chinaic 
at Figs. 40 and 41 . 

f I lilake both chimneys in one 8-in. length out of a 3' -i 
wide plate. Cut out the slot for the flue connectioji 
Fig. 42, also the j^^^-in. square peep-hole for the lai 
flame, roll round the broomstick, clean the edges, i 
solder watertight. Cut o5 a length of 2| in. for Nc 
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)s<‘ 


the end without the hole, and carefully fit the opening 
(». ] to the lower flue. Sold^sr them tightly, and 
n|) the two side ga[)s formed by cutting away the 
ta[)ered down in width to the chimney diametei 



I ig. 4J.— 'Joint of Chimney Fig. 42. — Plate for the Two 

and Flue Chimneys 


xmf, I J in.). Small scra])6 of co[)])er plate cut to fit 
[) soldered in ])lacc do nicely. Next fit No. 2 chimney 
its plac(; m the top Hue. Clean the joint, and solder 
in position ] in. dowt. in the flue, as shown in Figs. 43 



F'lj, .. 43 and 44, — llori/ontal Section and Cross Section 
thron;<h (];ompl«re Boiler 


44. 4’his serves as a baffio to kee^^ the flue full of 
air. Fit a piece of plate across the o])en flue end and 
ler. The letter references in Figs. 40, 43 and 44 agree. 
The flues and chimneys are now cora[)lete, and should 
Iparcfully tested for watertightness. Then fix them 
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n the boiler shell, by S})reading it partially open » 
eoaxing them into their respective positions, and solder!! 
Lhem so that the s])aces between the flues and sliell at tl 
bottom and top are respectively i in. and I in. In Figs 
ind 43, s is a short pipe | in. in diameter passing into tin 
flue, wliich is corked when in use, and is intended as j 
3 wcephole slionld the lamp smoke at any time. 

Two i)lates, 3 in. by in., will be retpi ired for tlj 

boiler ends. In one of them cut a fkhn round liole. J ij 

1 

from the bottom edge centrally. Place them [jgainsl tli 
ends of the boiler shell, so that they })rojeet J in. all ronin 
mark with a sCriber, bend the edges down as a flange* 
right angles, so that they fit the sin'll, scrape the join! 
and solder. All the boiler joints should be ('areful 
made, tested with water stej) by step, and also vvlii*' 
finished. Should any difficulty be experienced in soliJ'-j 
ing the inside angles of the shoi't flue, the space bt'ny 
rather small for an ordinary soldering bit, place Si'iiie 
bits of solder in the corners, wet. with fluid, and usf i 
blowpipe on them, or the tajierod scjuare end of a \vui! 
kitchen poker made red-hot, as did the writer. Screw 
boiler shelf, which is 5 in. wide, underneath the inciibiilo 
to project 5 in. 

Two strips of plate | in. wide should be cut for fe 
ind drilled for l-w, screws, bent as shown in Fig. 35, a 
soldered iu^sition about 2J in. apart. Now screw t 
to its ^elf, leaving the chimney well clear as sho^ 
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/ 




111 is now ready to connect the boiler up with the 
fm that it stands on its shelf 1 J in, from the it.cnbalor 
[ and about Oi in. ])e1(>w, measuring from the bottom 
if be coil to the boiler top. Use ordinary thin copper 
[ 1 . jiiping, bcut to suit the positions as shown in Figs. i2G 
:1 27, and solder the pipe from the ]>oiler t(»j) to tiie front 
iii.jiiit ]>ipo of the coil. This {*,nrries up fJu* hot, water 
cireiilation, wliile the }>ipe loading from tin* other end 
file coil to the l)oiler end 
)!' ilie })oitom ]>rijigs the 
ii’ii current of (joolet water 
[k for reheatnig and lecir- 
jit 'on. 1 Jse jilenty of soldcM 
iti<‘ngtlien the pipe coniicc 
)s. It screw union joints 
i used at one or both ends 
ulic pi])cs, tliO) are easily detac}ial)lc for transit, but 
i liot needed for use. 

A :5dn, Silver (‘Ininncyless burner is reipiircd for the 
I'.p, winch measures 7 in. by 4- in, by *2 in., and should 
iih ' 1 with a handle as showji in Figs. 20 and 27. Its 
ill si oil id bo screwed J in. lower than tlie lamp should 
Vi.l, a packing block being provided of that thiclmess. 
et.liod of securing this shelf by means of two gdo. round 
brackets is shown in Figs. 20 and 45. When the 
is lifted imtil the burner fits up against the chimney, 
block should just slide in place, and must, of course, 
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be removed when the lamp is taken away. The la 
flame may ])e easily seen for reguhiting tkrongh the sn 
square cut out of the cliinmcy, and glazed with a scJ 
of mica- sheet J in. square. The mica is hold in [)Osifij 
by the four small strips (see Fig. 42), one on each hk 
being cut free at each side and bent outwards. The ihk 
is then placed in position, and the bent strips pressed hiu 
in place ; those hold it firmly. When the dam])(M 
down on ci, the heat passes into the flues to escapi^ j 
02 . When the damjier ojiens, the heat leaves at ci, .ij 
so allows the water to cool. 

Now place the capsult* regulator rod in posilion o 
01 chimney, cut it to length, soldiT on a small hook 
susjiending the damper, and (iit a wire to the corr 
length for the damjier to ri'st on ci, not forgetting a tJ 
in its top end, to be .slij,pod over the regulator rod Ldul 
as shown in Fig. 27. 

Into the filling tube f (Fig. 27) plaee a funnel, and 
ceod to, coil and boiler with liot watrr, keepiMiN 

i0Ut for any leaks. Should any ajipear, im.M!''\ 
f(*.et and lift out the coil and lioiler ear'liill 



for inspection. Mark the leaks wdth (dialk, jiour ofl il 
water, and thoronghly resolder the defective joiiil 
Replace the coil in position, screw down the boiler te 
refill all with hot water, meanwhile tilting the inenba 
to and fro, so that all air shall be passed out at the i 
hole A (Fig. 27) and the filling hole. 
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Vlieii the water begins to rise in the filling tube, stop 
ng, fill the lamp with oil, and light up. The hot 
eiit will soon be circulating through the pipes, and 
exjiansion as the heat increases, will probably over- 
' a little at the filling pipe. This must be watched 
a sponge or cloth kept handy for mopping; but a 
er way is to have a small syringe roady at hand, and 
i lliis suck up a little as it threatens to overflow. 

Wlien the tein{)cratnrc is quite up, the tube f (Fig. 27) 
=>1 be Ivcpt neaily full, for this acts as a cistern to keep 
coil full of water, which is essential for free circulation, 
musl. not got into the [)ipes, and cannot while the jiipe 
full of water. While in use, a little water must be 
ed occasionally, as it evajioratcs from the coil heat. 
[iKU'ease the heat until the thermometer at the side 
sters lOfl or thereabouts, then allow all to warm up 
a coiqfle of hours. It will then be time to regulate 
inacliijie. •0]>en tlie draw door, jdaee the capsule in 
stirrup, being careful that- its bottom stud is passed 
d.- receiving hole. Pass the regulator needle down 
ttua: until it rests securely in its aj>pointed depression 
be ca])sule top. Mark ofi at the top the correct length 
be needle, cut olT with a file, and [daec the regulator 
oxer it. Idirn down the regulator sertnv until it rests 
he iieedb', aud continue until the damper begins to 
Cj at 103°, by the thenuometer below. 

■le correct hatching heat is about 104° on the eggs, 
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and the better to ensure this it is well to have an el 
thermometer to be used actually resting on the eggs.l 
cheap clinical one is best, as it registers the maxim 
heat permanently until the mercury is shaken down aga 
This may be moved about to dilTerent parts ol the dniw 
while in use, and will show any variations of beat 
is also an clTectivc check on the other thermometer lu 
througli its checking it may be found necessary U' ii 
the machine at a liigher or lower temperature sliown r 
the side thermometer, to ensure the correct 103° or 
oil the eggs. This jjoint cannot be too strongly emphas! 
as machines are oftim run corrcMdly to their thermometd 
but may be 2° or 4' coldi'r on ih(‘ eggs. 

To prevent waste of frmn tlic bi tiler liy radiaii' 
it should be coveretd with two tljickncsses of loosely wo; 
sacking, sneh as is used to make potato and onion SiMk 
This should be fitted tightly to the boiler, slitting ti 
stuff whore the chimneys, pities, and feet pjojeet, jaisav 
the ruatjprii round them, and sewing it all snug and !4 
Cov'er the coil connection pipes also in tlie same mmine 
In a teacuj) mix 2 })arts of whiting to 1 part -of Poitlnii 
cement, and add water >'.hile mixing until like thick cri'iiii 
Spoon it on to the sacking, rubbing well in vsitb the (in^fa 
and finishing it off smoothly all over. When dry tl 
will form a hard, non-conducting covering, and will w 
repay the little extra trouble involved, by the saving 
oil required for heatimi. 
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rive the woodwork of the finished machine outside a 
of shellac varnish, into which has been dissolved 
oient bismarck brown to make it a rich, deep red 
do. When dry, give two further coats of the varnish 
ihout stain. 

In use, it is an easy matter entirely to jml) out the 
^ drawer during the process of turning the eggs, and 
closing tlic hinged door to retain the inenbat(»r’s heat, 
is the ego.s tliat require cooling, not the incubator. This 
int is often overlookc'd. Its adv(K‘a.los claim that oven 
:lic machine is cooled down, this form of incubator will 
nil up fai more rapidly than any otli(‘r hydro machine, 
Muse ol the c(nn[)aratively small bulk of water. It 
] also be found ver} economical indeed for oil fuel. 

' \M)eii leturning the drawer to tiu' incubator, it is a 
od jilan to turn it ronnd, front to side, each time, in 
ye the temperature of ditlerejit parts varies a trifle, 
lis is rendered easy by the drawer being made square 
L' this purpose. 

: S'.e that the water is always visible in the tilling tube, 
kba^ a. little occasionally as it evaporates, full pipes 
fng Cbsciitial to a good circulation. 



CHAPTER V 

A New Design of Hot-air Incubator 

This liandbook would not bo complete if it did not Irn; 
on the })ractieal construction of a hot-air incubator, 'th 
machine — the “ Mezna here selected for dcscriptitM^ 
not of the customary hot-air type, but is a new and spu i, 
desi«iii, originated by Mr. Lionel Hull, a Eritish ma!. 
and also an ex])eriejiccd ])()ultrv brc'ccler, \vln) has bf‘( 
particularly successful iu artificial incubation for ll 
“ day-old chick ” business. He is coiihdeiit. that a inaclii’i 
giving better results at the same cost and more easii 
managed is unobiainable at the present time. 

This machine does away with the long winding ili. 
pipe, which is so dillicult to clean and the folding of wlini 
causes au )j[it:^ease. in fuel consumption. Often the lliiuii.' 
is raised d^igcrously high, this causing sot)t to de]'<i<it 
in the flue, and so makes matters worse. The macliiiK 
here described a.n»l illustiated is not just an iniprovejneni 
along w^^ll-known lines, ratiuT is it a distinct type bv 
Itself. Tuste.arl of the huge tank and intricate flues 
hot-v atcr circulating lube is employed instead, the ilaii 
from a smaller lamj) being ample to hatch large quantiti 

of eggs, Tl^ arc no jiarts to get out of order, no intej'- 
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construction that can get out of repair, and the b J 
flue, and circulating tube are all in one j)iccc, ir | 
everytliing loss complicated. By this system two J 
difficulties arc overcome. The flue being only 6 in. l3 
it is easily cleaned, and the tenij^erature in cold weatj 
is maintained satisfactorily. The inventor lias prote( 
this new system of heating, but readers of this luuidbc 
are quite at liberty to construct tlic machine for use, 1 
not for sale. The inventor supplies all })aits and flttii 
that cannot be made at home, licjuirios should be , 
di'cssed to Lionel JJall, (Viuseway, Fishponds, Bristol 
The macliine is very fully illustrated by Figs. 4<'i 
07, under each of which is an (’X[)lanatury inscrijitii 
The chief materials used will lie 4!-in. by ■’-in. V-shi,; 
matclihoard, 3 in. by .J-iu. wood for tho framework, <1 
millboard or strawboard for the ininu- case, flock,-, 
packing, the \a.rious littingvS, and 0 lb. or 7 lb. sheet*c(tp; 
for th c heating tid)C. 

Make thjj„|yo ends of the incubator lirst, In const ni(!!!i 
timber two frames 2 ft. G in. by 1 ft :ii’ 
lialvcd together, are covercul with yi 
matG^oard. using fianel jmis as nails; they will dm 
easily, and the small heads can be jumched in. Plane tl 
frames square. By using narrow matching shrinkage ’a 
not be not iced ; but if glue joints are made, or wide boa 
used, they so often crack or joints open. The ria^ 

V-mJfehboiird will cost less, and always remain giJ 
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f s, the difficulty of making a glue joint is avoided. 
\ the lengths (3 ft. 0 in.) of matchboard for the back. 
VC a groove or tongue, and plane square. Nail this 
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on to the two sides, and board up from the bottom, 
the work on its back, and nail a. trued-up piece of 
by J ill. on the top part of the front, and a strip 3 ii 
I in. on the bottom of the froiUi. There will be left an 



space of 6 in. along the front, which will be lilled in lale^ 
with the two doors. Lay the structure on the groiiudi 
bottom up, and see it is quite square, then board over \\\i 


I 'in. match w'ood. 


AJake the two J-m. ventilating holes, as seen in Fig- 
68 
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put one hole 7 in. from the back and 7 in. off the bijS 
and another 7 in. from the front and 7 in. off the bu^ 

Next lay a stri]) of 3 in. by i in. up the centre 
back, and nail a stri}) of the same material on the 
against tlie two sides, and along the top and bo 1 
This is to fix a iiiece of millboard on, thus giving a 1 
space between the two backs. Lasting tacks, or '' ting^ 
as used in the boot trade, will be best to fix the nnll),|. 
on with. ; 

With §*iii. matchwood cover the two inner sides fj 
])ottum to to}>, keejjing tlie front edge fiiisli with the m 
of the front. Before nailing this in, the inner ventiiatj 
holes irmst be made. On the right or lamp sid(' Hie W 
will be 7 in. from llic front and back and C}} in. from I 
inside bottom. On the other or left side, the holes \m 11 
1 in. from the. inner bottom and 7 in. from tlie bad, a 
front. When these holes are all made and tlic cli.imi 
proved to be clear, nail in the .sides. 

It, now oliservcd tliat air enters at the li! 

sidfe erf Machine, through holes ‘2 in. from the botti 
into the incubator at c-peniugs 7 in. from tlie fi’ont ami ba 
and Ci in. off the bottom, across the heated cliamk 
downward.-, through two holes 1 in. off the bottoju ai 
7 in. from back and front. {Reference to the illusti atio 
will show what is meant.) These two holes will be nu 
through the runner of the egg drawer, into the air s] 
upward and outward through two holes in the outer t 
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lar plates, 
be drilled 
)se'beaded 
acb vciiti- 
[6 aperture 
tiou, cloce 
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or partly close the ventilators. The best rnle is, 

I 

have the ventilators a quarter open, gradually incr 
to full open by the nineteenth day, after wliich time i 
close them until the chicks arc hati licd. 



N^ail a by J-in. stri}) across llie centre, from f 
to hack, on the bottom, and another eacli side ou 
bottom and front and back edges. ’Phis will allow 
board to bo tacked al! over the bottom. 

Procure four |^eco^ of wood 2 in. by 1 in. to t 
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ni)t to come with the f-in. irmor sides. Allov 
i ill. to form a rebate for the glass doors to fit a< 
Nail a st-rip all round the inside front, and let I in. 
over for door rebate. Cover the front with millj 
allowiiig an air sj)aee as in all other parts of the ma 
It is this a,ir space, or double casing, that kccjis th 
chamber temperature even. One very thick wall ^ 
not do it. 'riie millboard or strawboard a(*ts even 1 
than wood. The double glass doors can be made of 
stri}>s of wood \\ in. by IJ in. Lay tiu'se down, 
fasten another smaller frame to them. Nailing with 
panel pins will iiiakc the doors very strong. 

The eonstnietiou of tlic woodwork has been simpl 
to assist readers who are not skilled woodwoiLanx ; 
sequently, stunq) iiu^rtice work for the <loor franies 
been avoided. 

I'lie two doors must fit the openings left for tl 
An illnslratioj! {sre Fig. 04) is giveji of a (d 

double glass doors, and this will simplify evei\(!i 
> glass in its place ; fix this in with a strij) of wi! 
Tforms a rebate to hold the other glass, to be set'ii 
Ih a few lacks and putty. Two ILin. butt hiiigc.s; 
be re(juired for ea(h door. The. doors must be fasta 
securely and easily opened. This is best effected k 
spring catcli, as showm in Fig. 40. The doors, now tl 
are fitted, will be best left off until the machine is finidi 

The drawee or trays {see Figs. CG and 67) will 
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:ered off. Two panel pins will hold each strip firm, 
^hin calico is tacked along each side of the egg drawer, 

E t the back and front ; this is to sag down or droop 
, as illustrated in Fig. G7. The eggs will rest firmly 
cse trays, and can be more easily handled than on 
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in Fig. 54 to larger scale ; G-lb. or 7-11). sheet copf i« 
the most 8uii.able metal. The heater is filled with pg 
by the filling pipe, as shown close to the fine. Thc)jj\< 
causes the wainied water to flow through the L’-in.| 
to the left and right of the smaller oeiito' tube, 

around, it meets again, enteri»ig the long central *Lj 

■ 

where it discharges into the luaiter. to be again heateci - 
distributed. This system gives a more even tempeii 
to ail parts of the egg chamber, whicli is easily mainfi,^ 
at small cost. The heater should always be ke})t ;; 
water when in use, and any lost by evaporation ml 
replaced by addiivg some warm water. 

To fix the circulating tubes, cut an ojxming 2iV 
through the centre of the right-hand side of the inciibi^" 
down to 7 in. from the inner bottom. The 2-in. ^ 
connecting the heater with the circulating tube will 
in this groove. 

Pl^ pf i^-in. iron rod make two ('.arriers the widt 
th^^acliine, by flattening and bending u]) about 4 
through tlK‘ flattened part d/^ll two lioles for screws, 
will hold this carrier in position. The carrier holcj 
heater tubes 7 in. from tlie bottom and tjuite level. F 
shows where the sertiws go and the method of 

Between the outer and inner ease, just cut down, V 
of wood can be nailed in to strengthen the side ; aiJJ 
inside, at the top, can carry a strip nailed along, to bridge] 
the opening and receive the pins when the top is fixer 
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^ piece of sheet metal is fixed round the top half of 
|ibe ; and another piece, shaped to the bottom half, 
, d with rose-hciuled screws to the incubator side. 



front, and board 
^ until the worker 
at the length of 
I to carry the regu- 
I Exact measure- 
a are given in 
47. Through this 
[ a Indc is placed 



79 



INCUBATORS AND CHICKEN REARFj 


to allow a f-in. copper tube, 7i in. long, threaded 
ends, to pass into the egg chamber. The ca|'sule ta ' 
tripod screws on the end in the egg chamber, ai" 
brass regulator on the top at the other end ItcTero? 



Fi^. 59, — Ooss Section of KejJulator 
Parts at H jjht Angles to that 
shown in Fig. 55 




Fig. 57 will show how it is fixed with three screws ; 
it is not fixed until the last thing when the damper 1 
ovfer the flue. ^ 

The remaining part of the top should now be fixed; 
the edges of the tep and bottom planed true. 

bead, easily procured at the timber yard, is mitred a« 

So 
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sorners to fit round the top and bottom, to be fixed with 
2-in. panel pins. 

The incubator legs {see Fig. 03) can now be made out 









63.^ — Two Eleva- 
tionn of One of the 
Four Legs 




.0 


•fJ 




mV 







7 

Fig. 64. — Part Sec- | 
tion through Door — » ~ 



\ 2-in. by 2-in. timber. Figs. 46 and 48 show how the 
rose-headed screws fix the leg. Reference to the 
b|clcvation (Fig. 48) will r»how the legs fixed and where 
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tlie stop bead is ciit away for tlie leg to take tbc weigh 
of the machine. 

A lamp rest, as shown in Fig. 40, is made bv nailing or 
screwing a jiiccc of wood to tlic Ixittom of the machine, 
having had the oblong-shaped piece of wood, like tli'| 
iamp bottom, {ireviously fixed to it'. The lamp is 



placed on this rest, that the flanw) is exactly uiuh'f" 
the flue. i 

The lamp is made 7 in. by 4 in. by 2 in., as illastrateclj 
It is fitted with a chimiieyh’ss burner, which need not t 
placed too high into the short flue. 

d’ic eupsule can now be placed in position, resting 
the tripod, and a lifting needle fitted. Let it rest in 

button on ihe top of the capsule, and stand J in. above 
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pass regulator plate. Tlie end on the ca])sulc is blunt ; 
be u])per end is pointed to lit into the socket of the regulator 

ferew. Fit a brass rod from the regulator as shown, to 

I 

fcach a little beyond the flue, and construct a damper 
ntli ha'ig(‘r as sliown in Figs, (il ami (>2. A lead weight 



Fiji. ()6. i'Lin of Tray without Calico 



FI^. 67, — Section tliroujjh Tray 


1 11 be required to slide along the regulator rod. Reference 
the sectional elevations (Figs. 49 and 55) will give 
e position of all the various fittings. 

With the jtarts rciuoveif for convenience, the machine 
n be glasspa})ered smooth, stained, the nail holes puttied 
[p, and the winkle polished, -An easy stain to make would 
U nak. Add brunswick or berlin black to turpentine 
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until the required strength is obtained. To got mahogarii’ 
colour add some red. Apply with a brush. This beiiif; 
a spirit stain, it dries rapidly. A small quantity of polish 
can be made by dissolving 2 oz. of orange shellac in | ]tt. 
of metli}'lated s})irit. b'’irst i*ub the work over with 
thin coat of linseed oil, and tlieti ap[)ly the }>alish. Wln i! 
tl^is is hard, screw on the hing<'d windows, s])ring catches j 
and the regulator. If wish<*d. make four ornament ii: 
corner jdates of thin slieet cojjper or brass, as shown n 
Figs. ¥\ and 48. and fix with small brass rose-headih 
screws, dhe finished incubator is now ready f(U' use. 

This is one of the very few hot-air jnacliines in whn’ 
the heat is .sup[died from hot water. With the usii.' 
ty])e of hot-air incubator.*>, if the ianq) is left imtrimmc(. 
forgotten, or by accident the flame goes out, the egi" 
may be chilled. But in this case, should the lamp go ouf 
it would be many hours before the eggs became cold. 

Incubators constructed on this f>rinciple have been' j 
for years. Actual practice has prove* 
in the supply of very large quantities 



84 




CHAPTER VI 
Heat Regulators 

SAT regulators Tisod in incubators depend for tlieir 
don upon the universally known fact that matter 
|)ands with iiu'rease of temperature, and contracts as 
5 temj)eratiire decreases. 

5 Briefly, if a box made of very thin metal is filled with 
|d at id sealed, its walls will bulge out or cave in accord- 
jiy as the fluid expands or contracts with alterations 

I ' tempci'aturc. It will be easily understood that by 
ins of a system of delicately jioised levers, the bulging 
of the box may be made to open a damper and allow 
k to escape from a flue. This, then, is the principle 
she capsule ^regulator, by far the most generally used 
je. Next to this comes the J-tube regulator, in which. 
In, the expansion of a sensitive liquid is utilised ; in 
case, it forces up a column of mercury, and the move* 
it is transmitted by leverage, as before. Further, 

T 

« is an all-metal regulator, wliieh, while at first sight 
i to objection, has given an f^xccllent account of itself 
pertain well-known hot-air machines. Other regulators 
^end on the expansion ct gas (generally air), but they 
Erequenilv of an experimental nature and there is 
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1 — a 

no need to consider thorn in this book. The capsn 
and the J-tubc devices will answiT all ordinary rctjulo 
merits. The all-metal regulator is dc'seribod on p. 

The w^hole action of a siinjile regulating system is ea.sii 
understood by referring to Fig. 11, ]>. Lts, which illnstiatt 
a customary arrangement of median ism when em|)Kei| 
a ca})sule regulator. With any I’ise in temperature afti 
a certain point has been reaclied, the top of a ca]!.si.’ 
will raise the rod a cimtainod in tube ly transmit the mot ' 
to screw o, which is adjustalile in tlie j>ivotod piece 
and thu.s raise a weighted kwer e, from the other end 
which depends the danijier p normally closing the i; . 
c immediately over the lamp h. A -jVi”* of the verti 
rod A is so magnified by the leverage that the damp(‘^ '■ 
raised 1 in. The raising of the danijier allows jiart of t ^ 
hot gases to ]>ass away direct instead of cirenkiting tlir<ai j 
the flues contained witlim the tank. As tlie lempcrau f 
of tlie incubator falls, the ('a[tsiile slightly collapses ^ 
lever e falls, in this way rejilacing the damper. 
system is adjusted ?)y turning screw c, thus raising 

P it, and by moving block J along the rod E, clanig<nJ; 
lition when desired by the set screw K. 

The Capsule Regulator 

This is a most reliable regulator if properly made 
used ; but it wall not regulate every incubator wit 

some adaptation to the peculiarities of construction 
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designed for use in a hydro incubator, for which it 
'eminently adapted. The amount of expansion which 
n be allowed in a capsule is but small, otherwise it would 
»kle and burst ; but the expansive power is great, and 
■has to bo koj)t in cheek by mechanical pressure. Fig. 68 
^ws a conuuon device. Inserted tlirough the exact 
|tre of the tank A, as showm, is a length of small tubing, 



Fi^i. 68.— Capsule RejJulator in Hydro Incubator 


pirougli wdjich a rod, c, can freely work ; this rod, resting 
I the capsule d, will rise wdth its expansion. A lever, e, 
placed above the tank, having at one end a lulcrnrn, p, 
behind the point where the rod touches, and the 
pr terminating over the flue with a disk, j, attached to 
|as a damper. It follows that, immediately the lifting 
; c is forced upwards, the lever E wull also be raised, 
t this will be multiplied at the damper end, the increase 
ending upon the distance between the point of 
htact of the lifting rod c and the damper disk j, 
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and also upon that between the contact point and ili 
fulcrum F. 

The capsule regulator consists of two thin jjlai- 
joined together, forniing a metal case or rc{.‘ 0 ]>tacle, hc! 
metically sealed, enclosing a small quantity of a volatil 
fluid, which, by the action of heat, is converted into vajyoui 
and occu])ies a much larger space than the fluid froi 
which it is generated, so distending or bulging out tin 
capsule. On cooling, the vapour becomes rujiiefied, ai 
the capsule returns to its former condition. 

The boiling points of various fluids at oi’dinary pressir * 
are as follow, the rise of boiling points being in inven^ 
ratio to the elasticity of the vapour of li([ui(l : — 

ij. 

Ceu 1 1 (jmda F ah rcnhnt 


Ether 

35' 

95° 

Carbon bisuljdude . 


110° 

Alc-ohol . 

7H° 

172° 

Distilled w^ate.r 

. 100° 

212 


f those varying boiling points, it is an easy inaiii’^ 
'^f^pomid a liquid which shall l)oil at any requites* 
i^ftiperature, and, the boiling-point being dependent u]h>| 
pressure, evidently that of any liquid placed within tl| 
capsule can be raised by simply sliding weight K 
the damper lever e (B'ig. 6B), What is required is a liquit^ 
which shall boil at somewhere about blood heat (98^ FJj 
and this is found in a mixture of sulphuric ethery^ 
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oliol (spirit of wine). [Note : Wai er and ether will not 
Mx.] 

: It does not matter, to a ^eriain extent, of what material 
|e capsule is made ; le'ass is snitablo, hiii tlie expansibility 
I the li(piid within will be in a measure governed by 
pt of its reee])ta<]'' Siz<‘ and shape also are matters 
I smail momiMit ; it was usual to make the capsule of 
pare shajic, in. eac h way, but the (‘ircnlar shape is also 
p)ular. If the bottom plate is thicker than the top, it 
P give greater stability to the finished appliance and 
ive an extra jmrpose by i>roviding a firm base for a pin, 
pch, affixed to its centre, forms a means whereby it can 
I' kept secniely m place in the incubator. The upper 
|te L (hhg. (19) will re«piire to be 2i in. S((ijare, of No. 33 
1^0, and the lower, m, 2 in. srpiare, of No. 30 gauge 
i'.G. A disk, R, about J in. diameter and as thick as a 
pin, with a conntersimk hole in its centre to form a 
L, g plate f«r tlie lifting rod c (Fig. 08) must be soldered 
^rally upon the upper [)late. This disk spreads the 
teure over the whole area of the capsule. In the centre 
be bottom plate the pin or stud is to be soldered, and 

I comes in a detail of manufacture which will be found 

^ , 

jnvenience to those not very expert in soldering. The 
■ employed having to boil at about 98°, it is almost a 
icr of impossibility to make a sound joiut to the capsule 
^t the same time imprison the necessary liquid. Instead 
^fiolid stud, a small piece of brass tubing, n (Fig. 69) 


INCUBATORS AND CHICKEN REARERS 


forms a convenience for fillini,^ the ca])sn](» ; after t li 
has Ihmmi aC(‘om|)lisher1, a piece of ))rass rod, s, is inserte 
ti;^htly fitting the tube and solden'd in ; a sound joti 
can thus ]>e made with the least trouble. Th'foic beginnii 
to make, the capsule, llie slieets of metal burning it mu; 

be made flat by beatin 


IT 


m 


with a ])oxwood mallet 
s(*, if the would-be mak' 
is not an exjau't in thi, 
lie will be well advis'' 
to puieliase the materi 
specially prej)ared. 

Having the jdat* 
flattened, the tube n ' 
])lace, and the disk ii e. 
position, proceed to bei !| 
the edge of the larj- ' 
and thinner jdate ov i 
the bottom of the thieio': 
one, which will allow 
turning of ^ in. all round. Neatly solder this joint 
witli a 2-in. square of blotting-paper, T, placed betweeii 
the Fill the tube n with suljdniric ether I 

pasct^f^^ylated spirit 1 part; allow the liquid i!* 
" in, adding as required until the blotting- pa 
Will take up no more. Then pour off any surplus, 
solder in the plug s, wliich, if carefully done, will ni 



logs. 69 nnd 70. Section and 
Plan of Capsuti: 
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capsule coin)>Ictc and ready fnr work. Fig. 69 is a 
bewliat exaggerated section of a ca,])Milc, and J^’ig. 7o 
j^lan, the doited lines showing the underside. 

|Next proceed t(v 6x the capsule in position in ilie 
□halor. Taking first the* hydro nuudiine {see Pig. 08), 
sim])lest inothoti is to solder centrally through the 
A a length of small brass tubing, b, with the lower 
threaded a»id projecting, say, J in. thronglj the tank 
toni ; a small brass wa.sher, v, is t{ipj)ed to fit the tube, 
to this is soldered or riveted a cou[)le of straps or 
1 of brass, w, bf*rd to form a hanger, and joined at the 
by a washer or disk of metal, x, having a (‘cntral hole 
^|arcommodatc the stud n (Fig. 69) on tht‘, base of the 
psule , Fig. 71 shows this in detail. The lifting rod c 
then pass through the tube ii and rest in the counter- 
ilc hole in the disk of the capsule. The depth of this 
ager juust he regulated by the distance between the 
and the, eggs ; it should be deep enough to allow the 
psule to rest within 2 in. of the tops of the eggs. 

; The damper, as already explained, needs a lever (see b, 
j. 68), It may be of, say, j'ij-iii. brass rod, or of ribbon 
jiss, as shown in Fig. 72, fixed to a crosspiece of the 
ae material, about 1 in. long, at its back end, and having 
|each end a small countersunk hole centrally punched or 
iJled. About 1 in. (or less) from the cross-piece the lever 
liust be drilled and tapped and fitted with a small adjusting 
^ew. To facilitate this, and also the fixing of it to 
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cross-piccc, the back end of tJie lever may hv. flattened 
liammcring j and if a slot is filed in the cross-piccc to accoj 
modate the flattened end, the parts wliich will lie in conta 
can be tinned and tlnm soldered tooelhor bv the aid of 
bIowpi])e. A bracket, f, to sn])port the lever will be retjuisit 
and can be made of stout ribboji Inass J in. wide and, sa 
•i in. louiT, with tin' ends bent upward, U-shape. Drill 



lator Ltver 


hole in its liase for ’fixing, and one in eucli limb. Tl» 
limbs aco to Im tapped and fitted with sharp-pointed st.'d' 
shown in Fig. 72. These points, engaging in 
provided in the cross-piece fixed at the, end iJ 
Sfer, form the fulcrum on which it works. Tl'd 
P'iistiiig screw h needs to have a small disk soldered or 
^eted to its point, in order to form a sure connectieo 
the lifting rod, which can now be 
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by a strap of ribbon brass | in. wide. Tlie ends of levp 
if of rod brass, are slotted, as shown in 71-, and fitt 
with pins, which also [)ass llirou^di the ends of the bn’ 
connecting strap. In this the adjusting screw the poi 
of contact- -lies on the. side of tlic fulcrum o]>posite 
that of Fig. OS. This lever can he h'ngthcned to ac.c.o] 
inodate the sliding weight, as shown hv dolb'd lines, 
the weight K can be inounled upon the U[)p(‘.r lever . 
shown in full lines. The hracLet for tlic uppi'r lover u 

need to be sornewii. 
/ taller than that for tl 

I f lower, sliown by dott‘ 

_ lines in Fi-. 72, ' 

CT nil, ; ^ 4 ^ 

B which it is drawn stu}’ 

Fljf. 75. — Modified CapBule 

by a cross-bar to jirevc 
the limbs being forced apart by the screw ing-u]> of tF 
fulcrum screws. 

The above arc substantialh' the arrangements c 

monly in use when the caftsiile regulator is ein[)loyed. i' 
the hingeing and adjust merit of the dumper lever .1 
frc{pient|}^ acconij dished in other ways; see, for exaUip 

Capsule. -Fig. 75 shows a capsule of tf 
siftiet brass, both sides being of the same thickness, 
leather disk, b, is glued on the bottom, and on the tr'p 
soldered one of the copper disks, c, found in shot cartridge*'® 
this has two holes in it. Before soldering the to]> 
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oin togctli(M', make a small hole in one corner, and 
I a thread through the holes in the c()|>j[)er disk. The 
ale is filled by holdnu^ the corner havir.g the hole 
Bic spirit and pulling the thread in and out. SulTicient 
IS sucked in by this im'ans, and the hole is stop[)cd 
antaneously witli a droj) of sold<T. 

|The “ Acme ” Regulator, -fn a later chapler describing 
kuniber of the incubators on the market will be found 

I 

jfeti ations of two or three special regnlat-or arrangements ; 



Fi^. 76. ““Acme” (Capsule 

i s[>ace must be found here for }>aJt!cuhirs of the Acjuc 
Side (‘‘compound \\afer tljerniostat ”) used in the 
peerless ” meubator made, b}' the II. M. vSheer Company, 
Juincy. Illinois, U.S.A. It consists {sec Fig. 70) of four 
tugated disks, a, of a bronze- like alloy so joined together 
|t they form two chambers for the volatile fluid, upon 
expansion and contraction of which the working 
^ends. The cu[)-shank h, the hollow stem G, and the 
er stem or valve, shank d are rivot<Kl and soldered in 
teition, and through the stem there is inserted into the 
hambers a measured (t^antity of the volatile fluid. Then, 
the position illustrated, the capsule is [>laced in a warm 
95 
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bath ; the fluid does not escape through the opening beca 
its density is so much leas than tliat of water. A.s the h 
converts part of the fluid to gas, any air is forc'cd out tliroi 



the opening, and when this process is complete the valve s 
automatically closes the opening ; afterwards, the insertion 
of the screwed plug f ensures the permanency of the srtil- 

96 
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ny patterns of Peerless incubators, this capsule is 
^tandem fashion, as illustrated in Figs. 77 and 78. 

arrangement, ev<'ry l^ver has for fuleniin a knife- 
rand thus, by reducing friction to a mininuiin, the 
is made as sensitive as possible, 
ie J-tube Regulator.— This is fur more sensitive 
iany other r(\<nilator in use, but it has its disadvantages, 
to be so poised that the weight of a pin will shut 
en it ; and should the bearings get clogged, the 
will foicc the mercury iii the tube beyond the jork 
and not lift the damjior. It is (|uite inexpensive, 
lan easily be construct(‘d. A glass tube A {see Fig. 79), 
iring 7 in. bv \ in., and scaled at one end, is turned 
so as to form the letter J. The sealed end should 
rned up about 2 in. Ether, being a spirit, which 
[iat about 95'" F., is the best agent to move the mercury, 
it should bo poiu'od into the tube until it occupies 
of the scaled end. Now pour in mercury until it 
^es within about ]| in. of the open end of the tube, 
lether will now be found to liave left the sealed end 
,e tube. To get the ether back into position, place 
inger on the open end, turn the tube upside down, 
^icline the tube so that the ether returns to the sealed 
\ where it must always remain. A piece of cork B, 
must fit the glass tube quite loosely, is fastened 
end of a piece of No. 18 wire, c, about 4 in. long, 
cork is now passed into the tube and allowed to rest 
97 
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on the mercury, the wire standing 2 in. above the 
This tube is ])la(*cd perfectly uju’iglit in a, \v()()den 
(indicated ])y dotted lines in the illustration), witln 
top, on the side of the indiliator as close down to 
eggs as the drawing in and out of the draw('r will pe. 
Jf convenient, the \\ooden case should b(‘, fix<‘d in 
centre of the incubator, froni which point most. he. 



Fig. 79. J-tubc Regulator 


derived, especially if the incubator is made with i- 
instead of double Vails. The damper rod is balane 
on a V||luiped piece of iron or steel E, the shai-p 

resting on two j)iece» of coticavc? agate ston'' 
liable from weiglimg-machine inak(‘rs). These st< n 
are let into the incubator top, and secured witli a gluth ei 
substance (seccotine, marine glue, etc., would ans^d. 
The damper rod D consists of a piece of J-in. 
iron wire; a stair rod would be suitable, A 

98 
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or 4 in. long is cut on one end of the damper rod, 
a lead weight G screwed on to balance the damper 
which coders the I'unp chimney. The V-sha]icd 
ng is soldered tu the rod and at right atiglcs with 
the rod must cross the centre of the ]>caring. A 
centre-pin icli mark is iuad«‘ in the. damper rod for 
Ipoint of the regulating rod (; to rest in. The centre- 
ch mark must be \ in. from the fulcriun, so that when 
'mercury rises even in., the danij'.er cap on the end 
^^he rod will be lifted more than half an inch ; but 
pess this damp.cr rod is balanced by the screw weight, 
mill fail to lift the cap, and the mercury will rise over 
p: cork, b} the expansion of the ether in the sealed end 
|jihe tube, at a heat of 104° F. 

^Lutomatic Gas Regulator.- Most of the automatic 
Krcgiilators for incubator work now on the market are 
filled articles, but the arrangement shown by Fig. 80 
^ freely be made by anybody. Assume the presence 
&ay a capsule system with the usual damper rod s 
K. 80). At the back of the rod, behind the pivot, 
m a hole to take the rod R, J in. or more thick, and 6 in. 
Ip in. long {acr also Fig. 81), which should be strongly 
Kered in place. On its extreme end, solder at right angles 
pin and a corresponding [dn on the end of the lever 
pi gas cock. Connecting the pins must be a brass strap c. 
^Ider the whole elbow to a small brass base or foot similar 
If (Fig, 81). The two pins should be lightly riveted 
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over to secure c from slip[)ing oft' while allowing a fr* 
turning movement. When the correct positions ha', 
been found,, screw the elbow in [»la(?e by its foot, aii 
connect up the ilexible pipes sliovrfi in Fig. SO to the ini 
and outlet ends, leading the lalter to (lie burner. As tl 
capsule expands and lifts the dam])cr arms, it dejaesf- 
R and turns round the coek l(nvcring the gas. A revt'r 




Fiji. .SI. - Ofls CJock F;^. H3.-PUiji of Gas C(.a 

movement t-ui-ns up the gas It is necessary to find bv 
experiment the exact cut-off position of the cock befcit 
making the conneetjon strap o, and to arrange it m 
such a slightest movement lowers tt>' 

the gas being turned entirely oufc til< 
^ the pli;:.j 

in with the bore hole; this will always allow soiat-’ 
gas to pass. 

As some readers may prefer a valve regulator to tlie 
arrangement above described, one is here shown (‘6'i: 

lOo 
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83). The body b may be a short length of l|-m. 
Lil)ing, in which is soldered gastight a partition, P, 
a seating bored to fit the valve shown, which is 
u\ one with its v s. A bottom is soldered 

body, to which is se<Mi?‘e<l centrally a short tube 
titling the Sjnndle, and having a short weak sjhral 
S, underneath the sjandle. In the cover is a,n*anged 
II, internally tbieadc'd .stu fling box, to which the 



ld 

1 


B 


Fij*. 8.S.- Vbilve Regulator for Use with Gag 

Id o is fitted. Tallow or other suitable packing keeps 
spindle ^jastiglit, while allowing free vertical move- 
A lever, L, fitted to tlie back of an ordinary capsule 
lator arm, on the principle explained in the preceding 
fcaph, is bent to bear on the adjustable cap, R, which 
I be screw^ed up or down to a suitable height. The 
% may be normally open in. or less, and when the 
^Ic expands through overheating, the lever l is forced 
b and shut£ the valve. On the lever rising again, the 
ng s pushes the valve open. The valve may be about 
U in diameter, and may have one or more small V* 
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notcJies rarofiilly fileti in its ]>eat to allow some lil 
gas to pass when the valve in shut, thus preveiUiug i 
light going entirely oul. An inlet cork J and an out 
at 0 arc sliown, to which nil^ljcr j^ipes arc to be attaclj 
Two or three lugs may be formed in one with tlu' bott< 
plate to project beyond the body, each drilled to j-ah( 
wood s(Tew, and used to secure the wiujle in it,s corrt 
poaithm. 



Fig. 84.- Excelsior Gas Valve 

The Excelsior gas valve, obtainable for about se'f' 
shillings, has ]»oints of similarity with the, above. Bv"' 
use the ordinary damper arrangement is ol^viated. lii" 
damper lever d {f^eh Fig. U) is continued to b, where i 
operate®' the' valve, a is the gas inlet, and o the outlft 
a is:i%e }>ivot, p the adjustment screw, and s the by 
pas# control. 

It is not essential to provide a regulator or control:' 
when gas is the source of heat, any more than it is wi 
an oil lamp is used ; but if, of course, means of saving 

gas when the internal temperature of the machine rises 

102 
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it ciHidiices to economy in working. When 
ttings are ordered uiih the Hoarsen incubator, 
rangement sliown in Hig. 85 is snp})lied, and this 
rs satisfaciorily v\liere the gas pressure remains 
even. In many [blares, however, the pressure 
in thousands of houses, for examjde, the rnetei 


all the 
and when 
paei t-y is 
Seeded the 


|/>f gas at 
te' one fitting 
Hk cause the 
lights to 
Ror jump. 







Fig. 85. Hearson’s Gas Atlach- 
ment without Governor 


E lg a larger wmiuui vjuvernor 

it is advuaalde in all such cases to employ 
'ernor on the incubator fitting which automatically 
nts a sudden access of surplus gas when the house 
are turned down. Fig, 86 shows tlie Hearson 
overnor, and by means of this device the supply 
e adjusted to a nicety, and the flame remains con- 


regulating Incubatoi Heated from Separate Hot- 
er Apparatus.— It is practicable to supply an incubator 
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from a soparntc liot-Wcitcr apparatus, but tlio rogu 
must be worked on a ventilating sliafl.. The meeba 
is })recisely tlio same as that used to rontrol the 
obtained frf)ni a side lani[». The <lamper works ovei 
top of the shaft, and wImmi raised lo (he cajjsule a! 
heat to escape. Bv forming the shaft as shown in Fig 


<lii'ect draug] 
avoided. A i 
tap may ])o 
staled in 
flow - }) i 
bt'tween the 
cubiitor and the 1 
water app'aratas, so t 
the quantity of '1 
water may be rogulat' 
'Idle waTer in tlie. t;i 
should be at liO 
The heat of the wj-'' 
in tlie supply apparatus dejends on the distance 
has to travel before it enters tlie incubator tank, ai 
unless tlie flow-pipe is insulated by covering with sit, 
wool, hair felt, l/rown pa.]XT, etc., it will lose nui* 
heat. 

Electric Alarm for Incubator.— Electricity has no 
been applied in any serious way to the solving of incub.'itoi 
nrdiileilifi. Electrical regulators, for example, are 



M^. 86. Hcuihon’s Gas Attach- 
ment with Governor 
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feans out of the quostioji, but it is doubtful whether 
iwould have any real advantage over the present 
Knical arrangements, ^n the other hand, indicators 
flarnis may be aLlvantageously worked by electrical 
as it is a simj)le malter to cause the indication 



87. Hcj^ulating Incubatoi Heated from Outside 
Source 


I igh or low temperatuie to be given in a place far 
fved fiH)m the incubator house. 

3ie most effective electric alarm to indicate high 
iow temperatures is the gardener's greenhouse electric 
nometer, which is made and sold by all manufacturing 
ricians. It is similar to an ordinary mercurial ther- 
^eter, but it has in its tube two platinum wires, which 

to two terminals in circuit ^uth an electric 
105 
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bell. Tlie tips of these wires can be moved in the ini 
and adjusted to any temperature. Should the merci 
rise too high or sink i-oo low, the electric bell rings. . 
having two bells of difierent tones, one on tbe high a 
one on the low temperature circuit, the owner can kui 
at once what the tro\ible is. Another elTeciive ala 
may be made with an adaptation of a fire alarm, as sho’ 
in Fig. 88. Procure two very thin strips of cop[)er a 
zinc, of equal thickness, from J in. to J in. wide, a 



Fig. 88.- “ Electric Alarm for Incubator 


from 3 in. to 4 in. long (a). Coat one side of the cop[ 
and one side of the zinc wdth solder, and sweat tli 


:that is, heat them in a Bunsen burner or' 



' until the solder flows ; then drill three or fn 
*^110168 at nearly equal distances apart through t 
^rips, and rivet them with brass rivets. Bend one 
as shown, and solder this to a strip of brass, d, f in. v ’< 
1 in. long, and | in. thick. Fix this with short bn 
screw^^ta^ one end of an ebonite block 1 in. wide, 1 
thick, a^^4 in. or 6 in. long. To the other end of i 

block fix a brass bracket, b, carrying an adjusting screw 
xo6 
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on the opposite side fix another piece of brass, with 
milar adjusting screw, e, passing through the ^ebonite 
k. The tips of these screws will come in contact 
i the ti]) of the strip a, and connect one of the bell 
aits. When the tenn)erature is too high, the jdnc 
will expand fastest, and bend the strip until it comes 
tact with one of the screws. When the temperature 
rs, the zinc will contract, and bend the strip in the 
direction. Adjusting the screws to the highest 
lowest allowable temperature by the aid of a ther- 
peter, the strip should be midway between the two 
the temperature is 103° F. The connections of 
alarm with battery and bell are shown in the ill us- 


CHAPTER VIT 

Successful Incubator Management 

There are many incubators on tlie market. Some snpp] 
beat from a tank, filled with water, above the egg oliambei 
the other kinds give heat from hot air. Opinion is ofto 
divided as to which is the better type of machine. 1 
Great Brit-ain the tank machine is used most, but i 
Aimcrica the hot-air type is usually employed. F< 
private use or small establishments, the tank is of mof 
service ; but for very extensive breeding farms, tii 
largest size hot-air incubators arc (jonsidcred essential. 

In selecting a machine, have the best that can t 
afforded, and, if it is bought comj>lcte, see that it bear 
a trade mark'. The manufacturer who has protects 
his wares has both^ his capital ajid reputation at stakt 
Any of the niachiuos described in earlier chaptcus may t 
regW^ed^S^'ltboroughly reliable. 

A really reliable incubator requires very little ath 
tioiL Simply trim the wick, fill the container with ' > 
and turn the eggvS over twice a day ; the wliole routi i 
should not occupy more than twenty minutes. Tli 
work and management of a machine is simplicity itscf 

The best sizes to use are the 60- and the 100-egg siz 
io8 
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; near). The smaller ones arc wiili difficulty main- 
led at a regular teinf)erature, and cost inort* in pro- 
lion to size. Much larger inacliiiies arc best adapted 
^tbc very extensive breeding establishments. 

For successful hatches, the eggs should be as near 
bossiblo of the I me age. For this reason alone only 
I, large breeders can fill up even one incubator of 
or, s.'iy, 800-egg capacity in the most satisfactory 


I Position. — Place the incubator where it ivS to be worked ; 
|oom facing north or free from the sun's rays. A cellar 
^^ther cool ]>lace free from draught is best; j](‘ver an 

I louse, where there are great variations of tern) )era tare, 
that it stands level and is firm. 

Filling Tank. — Fill the tank with very hot water by 
filling tube on top of tbe machine. 

The Lamp. — Fill the lamp with oil. If a Silver ** 
|phimue}icss burner, cut the wick straight across (not 
> shaped), and allow it to burn a few minutes to obtain 
Dod flame. When burning and trimmed correctly, 
it under the flue. 

Regulator. Put the capsule in its place in the centre 
^he hanger, and slide the lifting needle down the centre 
on top of the macliine, so that it icsts on the button 
Ithc centre of the capsule. The upper cud is placed in 
I socket of the regulating screw. Place the weight as 
I as it will go to the left. Turn the regulating sorew, 

lOQ 
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and see that it works freely, the damper hanging direct 
over the chimney where the lamp is burning. 

Moisture — Put the canvas in the water tray, and 
the eggs arc not new laid, half fill with warm water, ai 
place it in the centre of the egg chamber. The apertu 
in the zinc tray bottom should rest over the hole in t 
floor. If the eggs arc new laid, put no water for abo 
the first fourteen days. See that the water is re[)lciiish 
when rct^uired and the canvas kept clean. Next sprci 
the canvas in the egg drawer. 

Thermometer. — Put the thermometer in its positi( 
in the egg drawer front, and always keep it there, 
should be drawn out far enough t o sec the thread of incrcu 
when reading the temperature. 

Initial Regulation.— With the egg drawer in, leave tl 
machine. In some ten hours, according to the wcatli 
and season, the incubator can be regulated by moviii 
the screw and weight, so tliat the thermometer regist'’ 


the temperature aU which it is proposed to work; 10*' 
with thei.th«ito|ftneler not quite touching the eggs, w 


j^pfeults. When the adjustment has bu 
^6 heat in the egg draw er will remain const; ‘ i 


properly, the damper should be lifted of! d 
<^}iimney at 102'‘. Endeavour that the heat in the 


chamber never exceeds 104"^. 


£)ggs. — Eggs marked with an X on one side an<i 

on the other are placed on the canvas in the egg dra 

no 
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turned over twice daily. Tt is better to fill the drawer 
eggs than merely to half fill it. 
oling.— The eggs must be cooled when turning 
Experience will soon enable this to be done, 
the first week the operation of cooling is enough, by 
imc it takes t- turn the eggs. Allow a little longer 
ext week, and increase the time until the eggs hatch, 
guide, first week live minutes, second week ten minutes, 
third week fifteen minutes. See that the heat (103°) 
egg chamber returns in an hour, not in twenty 

|utes one day, and at anotlier time, in two hours ; 

A 

I each time the eggs are turned have the heat back 
^un hour. 'I'his will produce, invariably, splendid 
?hcs. 

ITariation of Temperature.— A little variation of tern- 
iture, above or below that fixed on, will not affect 

•general results : but if a rise or fall lasts more than 

r 

C "ays tlie weiglit should be moved to correct it. When 
g drawer is taken out, the damper sliould automatically 
i; on the chinmey in a few minutes. The regulating 
|w should on no account be turned when the egg 
pver is in its [)lacc and with the heat at 103°, or the 
ing power of the swollen capsule may bo im})aired, 
^ays open the drawer a little before altering the regulator, 
io so when turning the eggs. To make great alterations 
the temperatme, move the regulating screw. For 
Ml adjustments, slide the weight towards the lamp. 
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I he weiglit should not be more than halfway acres 
fod. Remember that the nearer the weight to the 
the more sensitive flic capsule. 

Evaporation-Evaporation of water in tlie tat 

not very great; but see tl.at the tank is kept full, 



Fig. 89.- -Fertile Egg after 

7 days 



Fig. 90. —Fertile Egg after 
13 Days 


dilGculty will be %xperieuced in maintaining the tet 
peraturc of the diainfier. 

* “s'"- 'n»- iii.1 i»«i ,i.,i « i,„ j, 

«a A.uu i. ^ ^ 

that arc clear and look like new-laid eggs are not fert I. 
and should be removed. The appearance of a fet. i' 
egg after a week is indicated in Pig, 89; after thirt.^i 
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in Fig. 90; and at twenty days, in Fig. 91; an 
I egg — a fertile egg in which the germ has died — in 

ods of Incubation. — The periods of incubation are . 
eggs i2 days, swan eggs 4-2 days, goose eggs 30 days, 


91.— Fertile Egg at 
20 days 


rig. V2. Addled Egg 


eggs 28 days, duck eggs 28 days, pheasant eggs 
hen and bantam eggs 21 days, 
king Eggs, etc. — The eggs should be put carefully 
and kept in this position ; they are then more 
turned over. The average-size egg will give best 
I. Many ('ggs go into incubators with a fracture, 
all that it can hardly be seen before a good light ; 
the eggs as they are being introduced into the drawer 
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are given a very gentle tap together, a cracked o‘f 
instantly detected by the sound. Of course, it is'. 
discarded, altliougli with valunhle eggs the fracture sl;l 
be covered over with a small strip of court jilaster ; - 
handled carefully they usually liatcli. The eggs 
be inark«‘d on ]>oth sides to ensure their being tn 
over. A good device is tlie ' 
one side and an X on tin', o. 
With large quantities of egl 
incubate, it may be ascertl 
when tiiey are due by ad^ 
t\\enty*one days to the 
shown on the eggshi'll. 

How to Keep Records, 
hatching results should be 1 
with ease and accuracy, 
method described is brief, sIn] 
and correct. Eacli inci'^ 
should be numbered. 
holder having a hole in the top by which to stispoial 
made to wryfpmc dozen pajiers. A useful size wo il' 
3 ini, the size of a tradc'smairs business card 
is at&hcd to a nail ot tack on the front of each in '1 
The pajiers should be written or printed as in P'ip * 
Whatever, now is reipiired can readily be 
Take the tablet of! the machine, and enter agaimsl f 
heading what has been done. For instancejJ|^''fcl'^ 
114 
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I bt'causo. if tiic luacliine Viiries iiuicli in different 
of the egg drawer, many of tlic egg.s undoubtedly 

I fe spoils. Th(‘r(*forc they arc better left b) tbe same 
, for then only tbc outside eggs would suffer. As 
cars, addled, broken yolks, and dead in sliell are 
cd, so the outside eggs become niore towards the 
, without this changing process. The eggs should 
nA*d night and morning by rolling them over. A 
ipre and .slight ])uah with the finger, and always 
|is the centre of the drawer, will cause them to turn 
I without shaking them. But if they are revolved 
|ds the sides to move them over, the outer eggs have 
to touch and so are sliaken. 
i is necessary to turn tlie eggs to prevent the life germs 
ring to the mombraue next the shell. But this turning 
d be done after cooling instead of before, as is often 
The lower part of an egg under a hen, or in the 
iator. is much colder than its unner surface. The 
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germ always rises to the top wlitclicver way the 
moved. Now, by this life germ coming into ss | 
contact with the cold part of the egg, and, boside.‘^]!i 
having to remain to be cooled ” or “ aired,” it 
the first stages of its develo]>ni(‘nt una.])lc to wit! '( 
this treatment, and so dies. TLe hen leaves Ikt 
feed, cte. ; this allows tlie eggs to cool gradiiall)'. 
she returns and “shnflles” or moves them, theses * 
she docs turn do not suffer by th(‘ir germs rising t® 
upper and eold surface, because fhe hen is on tlien® 
soon supplies the necessary Inait. This is a most 
point in incubator managejnent. e 

Cooling the Eggs, -hor the. purpose of eoolin \ f 
eggs, open tlic drawer as wide as possible, and 

... ^ 

turning the eggs by rolling them over towards the Cvkr 
As soon as a few rows are turned, dose the drawer ir 
much. Continue the turning, and as more rows are tiiipl 
close in the drawer, until all the eggs have been tru^ 
With large incubators this operation has to be W 
quickly, and the time taken in turning the eggs moil'' 
and night cools them sufficiently. The next week alt 
a little Iqi^r ; the last week from five to fifteen min > 
will.jb^Jeqiiired. The season and weather are great fa* ' 


considered. But here is the j)roof that will al 
denote if cooling has been managed properly ; see tha' bi 
temperature (103^) is back again in an hour. If this 
perature returns in, say, twenty minutes, it means the 
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Moisture for the Eggs.— This is one of thel 
important items in ineiihai-or manafremeiit. A com ‘ 
person is able to tell by the air sjiace wliat moi*’ 
wanted and when required. It is very sinipjj^^4* 
Hold a new-laid egg before an egg-tesierjJfj|’'^ 
shield with tlic hands, wliich is better ^ ■ 

will be noticed that the size of the air celb, iy\ 
the egg is only about the size of a threcp«<- m 
small air cell is the proof of being qui i 
say, four da}s the air cell has grown to ti 
pence; in ten davs to as large as a sliilliiu’^' 

The more stale the egg, the larger the air 
is due to the fact that the egg-shell is porous, ai 


\ ' 




■kef] 


tion is continually going on. vSometimes the 
at the small end of the egg, or at the side ; bu 
it is at the large end. Here, then, is the vital poiiu 
regards the air cell and hatching. With new-laid 
told by the small air cell, put no water for, say, lifter 
days. With stalfr eggs, those with the larger air cell 
place water in the moistuie tray at the beginning. B} tlie 
means on the nineteenth day the air cells in new-la' l 
th^;alor eggs become about the same size, and allo^\ ro' 
fcPthe living chick to break its way through the egc slif 
On tlie nineteenth day it is an excellent plan t< l'^ 
a piece of flannel, cut a trifle larger than the egg d 
wiung out in very Lot water, laid rapidly over i 

eggs, and the drawer closed for ten minutes. Tb s ^ 

nS 
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3, if necessary, on the twentieth and twenty-first 
the chicks seem to ho in difficulty, coming out 
ells tliruiigh dryno«.s. Lay this quite hot and 
|} over the eggs, and close the drawer for a few 
Open, and remove the flannel quickly, and 


incubators allow more moisture than others, 
^c-hundred egg size, four J-in. ventilating holes, 
I front, f in. below the tank, wull give the best 
ith the noii-moisturc or hot-air nnu luncs, open 
[ators, quarter open at first, and gradiiall}^ have 
open by the nineteenth day, after which time 
ise them until the chicks arc hatched, 
d Examine the Eggs.—For examining the eggs, 
►ne, large end up, wuth the points of the fingers 
lumb of the left hand before a lamp or candle. With 
ight; hand partly closed hold it over the top of the 
This will practically surround it, leaving the back 
e egg uncovered, for the light to shine through. The 
Sell is shown up quite vivid, and in a fertile egg, the 
it can be distinguished on the fourth day, looking in 
S of blood, like a spider in its web. The clear or 
1;ile eggs should be discarded. This method is better 
L using an egg- testing lamp, many forms of which 
jbe found ilk jstrated in dealers’ catalogues. The eggs are 
jmined with greater rapidity, they do not come in contact 
k anything cold, and there is a lighted room to work in, 
IIQ 
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The Drying Box. —This feature of an incnibator is 
useful if properly understood. In the egg chamber there 
is a moist heat ; in the drying box it is dry heat.. Chic'ks 
should not be left too long in this dry air, or tln^v 
become excessively ihirsty. 

How to Manage the Lamp. — The management of 
au incubator lamp is one of the most important factors 
in the ultimate suc(tss of the machine. The lamj) should 
produce a clear light without smoke or unpleasant 
smell. Tims it is necessary to have a good, ch'au burner, 
best oil, and proper wick. The latter collects from the 
oil dirt and foreign matter, which make it swollen, hard 
to wind up and down the wick tube, and the oil is pre- 
vented from being freely drawn to the burner. 

A new wick should be used every t wo or three hatches. 
It is sold prepared and in lengths ready cut. The hnuj) 
should be trimmed morning and night. A lain]) (ilh^d 
with oil gives much more heat ; it need not be turned 
up so high as the half-em})ty one, and it is safer to use 

Always allow a lanij) to^burn a little, to st'C that it 
is all right. Then before inserting it in the machine 
lower the flame a trifle ; the flue draws the flame a litfh* 
higher. A lamp turned uj) high does not smoke whe- 
on the table, but it will when put under the flue. More 
heat is procured from a good, moderate light than a 
dangerously high flame. 
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Various Incubators Described 

In this chapter will be described some leading incubators 
wliich, while very far from exhausting the list of coiU' 
men-ial ma{“hines. will yet be found typical of incubator 
construction at the present time. They are classified 
as (I) hydro or liot'Water machineg, (2) hot-air machines, 
and (3) combined liydro and hot-air machines. One 
incubator, in j)arti(‘iilar. claims to come undt‘r the third 
clas.sifi<'ation, alt-hougli, in one sense, all hydro maeliines 
can be said t^o l)e in that class, as their working depends 
f)n both hot water and hot air. Speaking in general 
’-‘rms, the l)} (lro inculmtor— substantially on the Hcarson 
model —is tyjacal of British machines, and the hot-air 
incubator — on the ‘‘ C)'phers ” and Prairie State models 
- of the Amej'ican machines. Of recent years, however, 
sn]ue notable British hot-air machines liavc been introduced, 
at l(!ast one of them being jmrely a British })roduction. 
It will be noted that tJie leading American makers have 
agents in England. 

Hydro Incubators 

Hearson’s “Champion'” (Spratt’s Patent, Ltd., 24 and 
25 Fenchurch Street, London, E.Cd.'-'Thore is no need to 
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describe iliis well-know7i mncliinc fully in this rlinptcr. 
The hydro iucubators descrilxHl in comjdctc detail in 
Chapters If. and Til. aie of the llearson t,yj)(*, and it 
must always be reiueiu]>ored that the greater uuinher 
of hydro machines owe tiu'ir design to tlio original Ilearsoi. 



Ing. 94. Section through Hearson'a “ Chatnpior Incubator 


It was Charles E. Heirsou’s invention of the capsule 
regulat^or which made. pos.siUle uniformly successful results 
with artifunal incubation, and on the ex[)iration of the 
chief Hearson patent in 1895, it is design was universally 
taken up. On the cover of this book is illustrated the 
Hearson machine It is made, in the following size.s: — 
25-egg, 50- to 60-egg, 100- to 120-egg, and 240-egg. There 
lie special sizes for ostricli eggs, etc. 

The section of the Hearson “ Champion ” machine (Fig. 
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04) will be familiar to readers of earlier chapters : — a is 
the \vat(‘r tank ; B, moveable egg tray ; r, water tray ; 

holes for fresh air; e, ventilating holes; p, damper; 
G, lever ; j?. lead weight ; K, wooden slips ; e, lamp cJjimney 
and One pi])c ; m, JK>n“eonflneting material ; N, tank 



Fig. 95. — Tnmlin’s “Nonpareil” Incubator 


thermometer ; o, needle for communicating expansion 
of capsule s to lever G ; p, milled-head screw ; r, filling 
tube ; s, capsule ; t, paraffin lamp ; v, chimney for 
discharge of surplus heat ; w, chimney for discharge of 
products of combustion. 

The action of the capsule is fully gone into in the 
chapter dealing with regulators, where also the Hearson 

attachments are described. It may be said that 
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the inakors sii]>ply tlic inciiliator completes arai roady 
for use, exrc})t for oil iji the lamp, aud waior iu the 
taut. 

Tamlin’s “NonpareiT’ (W. Tanilin, TwideuhaTu).— 
This is another liigh'grad(‘ inaeliiiie, iu design typiea' 
of the liydro cliiss, and in \vnijjna!ishi|) everylliing that 



hig. Vti. Tanilln's Aulonjalic I'i^. 97. Kvcrall’s Capsule 
Self-supplx In^ Lump Rej^ulator 


it need be. Its sizes (hen egg) are as follow ; — 30-egg, 
OO-egg, 100-egg, and 200-egg, besides wliicli there is a 
3U-ostrie]i-egg. The maker claims great advantages from 
the strong construction of the wooden outer and inner 
cases, the former having brass fittings. The appearance 
of the 100-cgg machine when fitted with drying box and 
a self- applying lamp, w'ill be understood from Fig. 95. 
The shallow tank, which, however, retains the same area 

01 radiating surface underneath is a feature of all Tamlin 
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machines ; it is made of 8-lb. hard-rolled eoj)|ier with 
f(jur-foId seams. The smallness of the tank eajuicity is 
claimed to be a large factor in keeping down the con- 
sin nptiun of fuel. The lam]) is eitlier of the ordinary 
kind, or it is of the antomatic self-supplying kind shown 
in diagram by Fig. 9<). The container holds enough 
oil to loa*]) the lamp in nsti for three or four weeks, and 
b\- UMMiis of a .''’p<a‘ia] d(\i«‘e the oil is maintained at the 
same level aroiunl the wiek. flie n'gnlator is of the capsule 
t\ ] c supj.orted iji a strong bra.ss stirnif), its s])eciality 
being the jiresence of a comcal .shield [sec Fig. 07), made 
of a Jion-(*ondn('ting material which jjrevent.s the cap.sule 
bejiig intlueiiced by licat radiation from the liot-wator 
tank. 'The introduction of an insulator }>revcnts any 
heat conducted by the stirru{) from afTecting the capsule. 
The “Peerless” (H. M. Sheei- (Jom[»aiiv, Quincy, Illinois, 
ihS.A.).— This has many points of novelty in its design, 
but it is no, reflection upon its undoubted merits to say 
that it is not likely to be so pojuilar with the British 
buyer as it is with the .American public. It is made in 
two chief sizes, 100-cgg and 20()-egg, and the maker sends 
out the parts and fittings toget her with full instructions on. 
})utting them together. Fig. 98 is a longitudinal section 
through the essential parts of this machine. Air enters 
at A, passes between the double walls, and enters the 
egg chamber at b, where it is warmed by contact with 
the hot- water tank L. It esca[.cs from the egg chamber 
125 
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at D, below the eggs, and from the machine at G, passing 
through flues E and f on the way. The tank is unlike that 
of any other commercial machine. As shown in Fig. 
it has heat retaining and distributing bars underneath 
the tank, and there is a sheet metal deiloctor (not shown) 



Fig. ^8. Section through “Peerless” Incubator 



Fig, 99. — “Peerless” Tank 


on top. The deflector radiates the heat, the makers say, 
and the bars absorb it, and, later, distribute it equally 
to all parts of the chamber. The tank cajiacity is, of 
course, comparative!}^ small, and there should be a 
corresponding saving in fuel consumption. The water, 
heated in boiler ii {see Fig. 08), passes through i to the tank 
cross-tulic j, whence it travels in both directions around 
the outer tubes of the tank, entering the centre tube at c, 
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returning tu the boiJer through m. The capsule regulator, 
of special c’onstruetion as explained on p£). 95 to 97, 
ithiniately controls the temperature by lifting or lowering 
the (lanipcr p. When p is lifted, all the heat from the 
lanij) tlainc n passes direct through the central flue o, 
and esca])es under the danijtcr. When p is down, all the 
heat must })ass bi'twecii the inner Hue o and the wall 



100 and lOh “Acme” 'I'rip Burner 


i the boiler ii. Merely a slight lifting of the danijier 
causes part of the heat to pass through o, and the other 
part between o and h. 

The regulator controls the lamp Hume as well as the 
damper, the size of the flame beiiig reduced or increased 
according to requirements, thus conducing to economy. 
The “Acme^’ trip burner is shown by Figs, 100 and 101, 
Jt is made throughout of No. 24 gauge brass, pressed and 
not spun to shape. It- has inner and outer domes, which, 
together with the controlling device, arc instantly re- 
movable for cleaning. Keferring now to Figs. 100 and 
I a/ 
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101, the former sLowing the burner with full lliniic, and 
tbc latter \vitb small flame, the wick F is held adjustable 
in a metal sleeve e connected by a stud to lever i to wliieh 
is attached the light chain dejKmding from tlie end of the 
damjjer rod Fig. 77, j). 0(i). 81e(*vo A is oj)erated 

Dv trip lever b through lug a. d is the flame, G imivr 
dome, and ii outer dome. The maker suppli^vs to order 
an automatic gas valve having a lever eorrespomling to 
lever i in Figs. 100 and 101, so that the supply of gas is 
reduced or increased as the damper rises or fails. 

The “Klondyke” (Klondyke Tneubator Comiuiny, Des 
Moines, Iowa, U.S.A.). There are many evidences of its 
American origin in this ineuhator. It is )nade in the 
following sizes (hen egg):-- 100- to lir)-egg, 150- to 105- 
egg, 200“ to 225-egg, and 250- to 200-egg, and an idea of 
the general construction can be gained from Fig. J02 
which shows tlio incubator with })art of the woodwork cut 
away to reveal the internal arrangement. The hot air 
from the lamp is conducted through a flue around whic h 
is the tu])ular water tank mac|c of co])per. The ejtse is of 
cypress, lined with non -conducting paper, and is double- 
wailed, wdth an air space between the w'alls. The sides, 
top, and bottom arc constructed in tlie same way. To the 
egg chamber there is an outer wooden dour and an inner 
glass ojic. The makers attach great importance to the 
lamp (the “ Oakes Hydro Safety ”), shown by Fig. 103 ; 

they say that smokiness and the growth in size of the 
128 




VARIOUS INCUBATORS DESCRIBED 


ilanic arc due to tljc upj)er ciul of ibe wick tube becoming 
Jiofc cnoiii^li to convert tlie oil alonji; the sides of the wick 
irtto gasj which cs<'a|)es at bolli ends of the wick tube, 
causin;T liability to ex|>h)sion and an iiuTcase in the size 
of tin* fJanie, In tiic '' Hydro SalVty,'’ the wi(‘k tube is 




lu^. 103. Oakes’ Hydro 
Salety ’’ Lamp 


setter- jacketed just Indow its u]>per end; connection is 
made through* brass tubes to tlie brass reservoir shown 
to the right in Fig. lOik so as to ensure a circulation 
of water around the wick tube. 

Beneath the egg tray is the chicken nursery, which is 
a lower teni[>erature. 

Combined Hydro and Hot-air Incubator 
The Asbestic Hen (R. Toope and Company, Stepney 
''^'juare, Righ Street, Stepney, London, E.).'-The speciality 

this machine is that the sides, bottom, top, etc., which 
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in other incubators are made of wood, are in this case 
made of asbestos board, which does not crack, warp, 
rot, or harbour \erniin, and in addition is a poor conductor 
of heat and non-conibustiblc. There is an interna] ])ackin^^ 
of much the same nature. The sizes (]ie]i e^o) are a 
follow :- -i?4'ec^, <>t>-e;TU, lOO-ec^^, 2tX>-ei,% and 

JKlO-Oirc. The makers eiairu adxantaces from tlie sjiecial 
system of h(‘atin_ji^ aiul ventilation, tin* former beinj^ aeeom- 
plished by hot air and by radiation from a s\a.ter tank, and 
the latter by moist heated air automatically supplied. 
The air entering; from outsule comes into contact with 
a hot fine and, in a wanm‘d condition, j^asses into the e^e 
chandler, down bet\\een the ee^^s tc> the lioor level, them'" 
to the open air up a ventilating shaft whose mouth is 
fitted with a slide to regulate the amount of air passing 
through the machine. During halehiiig time the slide 
is kejit i)arl!y (:los(‘(I to retain the moisture necessary for 
the safe delivery of the chicks from the sfiells. 'I'lie 
machine is heated, as already briefly indicated, by means 
of a hot water rank through which passes a double*fluc. 
A moist air shaft is at the back of the luachine and extends 
from underneath. The moist air kom outside is admitted 
by this shaft, warmed bv being distributed over the tank, 
and passed down through o])cning3 in the t>ank, and then 
reach Co the eggs which it very slightly moistens. Thence 
the air passes between the eggs and escapes through the air 

sfiaft. The inventor is a firm believer in the theory that in 
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natural incubation the necessary moisture is supplied by the 
respiratory organs of the hen's ]) 0 (ly -iu)t from the ground. 

An underneath nursery is a feature of the Asbestic 
Hen. The eliicks on hatching pass from the egg tray to 
the nursery beneath, where the teni[)erature is the more 
healthy t)no of 9.T' At slight extra expense, the machine 
can be titled with an internal self-contained electric lamp, 
tiius making it pos^^ible i<o ilhuninate tlie interior of the 
machine merely by pr<‘ssiiig a button" -a great advantage 
when re<]niri]ig to read tlie thermometer or to observe the 
progress of hatcliing. Tlie makers sii}>j>ly on request 
their “Saivt\mo/' turning tray wdth which the eggs can 
oe quickly turtiod s*. 'tbout touching them with the hau'ls. 
1 'iidoubtedly, the Asbestic lieu is an incubator with many 
noN'el but oarefully thonglit-out features, and is well worthy 
'■f study. 

Hot-air Incubators 

The “Cyphers” ((Vjdiers Incubator Co., BulTalo, New 
York, U.S.A., and 119 to 325 Bhnsbury Pavement, London, 
I'higland).— -^This is }w’rha[)S the best known of all Aniericau 
incubators. It is made in the following sizes (hen egg) 
‘H-egg, 144-egg, 214-ogg, and 390-egg. The 244-egg 
Jiiachine, shown in Fig. 104, is typical of all the sizes, 
'\cept that the smaller ones do not have nursery drawers 
■ hich, in the illustration, are sliown open. 

The case is of white pine, ihc cavity between the outer 
and inner walls being packed with non-conducting material. 

13 ^ 
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The method dI lieating is typical of many liot-air machines. 
The galvanised iron lamp contains a cyhnrlrical hrace to 
[novent buckling of the metal oitlicr top or lir»ttom. Fof 
the purpose of ensuiing a lo^Y, chair and steady flame 
during hot weather, the oiToctive width of the to}) of the 



Fig. J04. The “ (^ypl.erh ’’ Incubator 


Wick may be restricted by fitting a flame reducer, which 
merely slides on friction-tight. 

The heater, direc% over Ihe lamp, is coristrueied 
According to the sectional view shown by Fig. 105, in 
which 1 'j the main flue exhausting into K, through ca.sting p. 
the flesh air is admitted through h, where it is warmed 
by contact with i; and it passes into the body of the 
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incubator through r., liold in the flange casting c. The 
used air comes hack via pijm d and casting k. a is the 
top cover casting with escape nue. l, over which is the 
d.unjxT. An air-spaced a.shcstos jacket a, 2]; in. thick, 
cov(‘rs th(‘ entire cxb^rior of the heater. The warmed, 
fresh air o]^ })einir admitted to the })ody of the iuenbator 
is dilTiiscd tliron^ii jiorons diaphr.igins, whicdi compose the 



I !}<. KKS. “Cyphers” 
Heater ^ 



I’i;;. 106. “ii>phers” All-metal Regulator 


U|)[}er and lower divisions of the egg chamber. The venti- 
lation is quite automatic after the regulator has been 
ufljusted. Th(‘ second and third sizes of machine are 
provided with a drop-bottom ; that is, the bottom })anel 
consists of a frame enclosing a hinged bottom, which can 
i'c lot down to any distance until it toucdies the floor, thus 
* xposing the undcr-surface ot the lower felt diaphragm, 
and facilitating ventilation in hot, dry weather. 

The regulator or thermostat is of the all-metal typo 
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{srr Fig. 100;. and is composed of throe separate stri})M, 
two of zinc and one of steel, all having tlieir long ('dges 
bent down at right angles, the zinc strijiS being uotclnxl 
at the centre. With differences of leiijjKaatme, the zinc 
expands or contracls ninch more than the si eel, am! 
therefore 1,he angle fonued at the cenirt' of the zine bars 
is altered, thus imjiarting an uj> or down inovenieni to a 
vertieal coniieeting-rod. which iifoveincnt is ntilised in the 
customary manner to raise or lower a damper. In Fig. KMt, 
which rcpre.sents the thernio.stat and ii-s connections dia- 
grammalically, the letter nderenccs are as folh)ws : A, ther 
mostat ; n, brass nipple for attachment of connecting tnl)e <•.; 
o, centre guide easting, wnth bc'ie casting K ; f, pivot cast im^ 
to which is attached w'ooden ann o and counterpoise n : 
j, connecting-rod with adjusting nut K and loch-nut L. 

“Prairie State” fPrairie State Incubator do., flouie\ 
City, Pa, II.S.A. ; Fiiu'h and Fleming, Ltd., FlitwicL, 
Bens), - This machiue has a high reputation in Great 
Britain. 1'he standard machine is now the “ sand tray,” 
the jiiincipal sizes (heu egg) Bbing lOd-egg, 150-egg, ’i40-cgg, 
and 390-(‘gg. The double walls are made of chestnut, 
poplar, or })in<‘, the legs being of maple. The packing 
inat(Tial is cotton batting and strawboard in alternate 
layers, the parts of the machine exjjosed to the greatest 
heat bc.ng insulated by mineral wool and asbestos. The 
makers guarantee the machine to be fireproof, and state 
that over a jjeriod of twenty years not on« of their machines 
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liJiH cau<‘lit fire. Muf‘h advanla<i;e h rlahned from the 
fa{‘t ihat ilio heat distrilaitioii is on tlic “ eddy-current ” 
principle. 1'hc eddy-current, the makers say, bad the 
efTect in the im])('rfcct)y desipied irnnhinc of causing non- 
uniform heating, liot spots ocjcnrriiig in the egg-ehambor 
first in one place and then in another; but in the ‘'sand 
tray’' macliine the edd\ -current is employed as a vehicle 
for carrying IIjo liot air to the cold parts of th(‘> machine. 
\'entilation is amnly provided for, ami does not, irtfluenoe 
tlie ant om. die heat distribution, the mak<‘rs having .such 
faith in the truth of this stateimuit that, in tian’r largest 
machine tliey use a Hat egg tray, whicli eonduecs to quick 
iCss and (‘as(‘ of turning. The* heater is, as usual, ou tljt, 
outside of the machine, and in its construction it is Iap}>ed, 
^’»‘amed, riveted, and solder<‘d. Any soot deposits, should 
dif'v occur, can be readily removed. It is insulated with 
ii. asbestos jat'ket covered vvith a n(*at hood, its exhaust 
toeing a small. jound })ipe so arranged that the lamp fumes 
can be taken directly into the outer air. 

\ current of war?)] jmre air enters the machine from the 
la'ater, and is forced continuously tlirough the egg chamber, 
'Ufc from this point onwards the ventilation is on a different 
princijde from what is customary. The heating current 
NX'S down part of the way in the egg chamber, and passes 
w'ough apertures in the walla above the eggs; conse- 
liuently there is a direct current only in the upper part 
td tlie egg chamber, the actual ventilation of the eggs being 
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caused by Tnolcoular difTn>siou. The a is, having pas-sed 
tliroiigli the apertures iu the walls, flows downWiUd info a 
Sj)aee under the nursery, wluue it is released, tlioiv)Uirlirv 
warn ling the bottoin of the macliine aiul then passing away 
tlirough holes to the outside air. Tlie eggs do not rei’eiv 
any iHittoni heat, the. warm air current merely warming 
the nursery to a temperature of from So to 1)0 F., d<’pend' 
ing U})on llie temperature of the i«)om. The entir<‘ Liottoin 
of the machine is occupied with a galvanisi'd iron pan 
containing wet sand ; this moLsture is Ixdng constantly 
given off underneath tlie eggs, which, according to tin* 
makers, is a very (dose ajijiroaidi to the natural conditions 
f(Uind witli the lien. At tlie end of the imaihator is a 
suction tuhe communicating witii the botiom of the chl(d^en 
nursery and opening into (he oiitsiih' air; by its nu'ans, 
whenever desired, a ciirrimt of air ran be sent, tlirough 
the eggs and nursery witli the obj(‘ct of earryingoff moisiuro 
ana hardening the chicks during the Into/ jiart. of t.lie 
ex(dusiou period. The n'gulator. jiat(*nt/‘d as recently as 
]9(»7, c.on'.priscs a Sj-eeia! design of steid-zinc tlieriuostat. 
The attaclinumt to the regulator rod is at tlie ('xtreme 
end of the device, amd not., as in the majority of mtdal 
thermostats, at the iniddh*. 

Below the egg trays is the nursery, into whicdi the 
chicks i.all through au aperture formed by nunoving a 
loose slip at the front.. The bottom of the nursery is 

covered with a canvas mat tacked to a bght removable 
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frame, the back^part of wliich is a wide board ; by means 
of tliin fram(‘. the ebieks can be withdrawn. 

The “ Gloucester ” (Tlie, (rloucest-er Tneubaior Company, 
Cloncester). —This is a well-jtiade machine of British 
maimfuel lire, althoutdi in many respects reminiscent of 
AiiK^rican desij^n. ft, is made in the following sizes (lien 
eL'i;) : loO egg, ‘JoO-egg, and 

fgjr. ]t I, as a w<‘ll-ma.de case, the outer walls being 



tijt. 107 anJ lOH. Sections through “Gloucester'* Incubsitor 


ulc of kiln-dried and tongned very narrow boards, 
mortised and* timoned and serewed and glued together; 
the theory, based on a generally known fact, is that the 
nari’ower the boards the loss is the trouble from shrinkage. 
In the cavity between the double walls is packed laminated 
vegetable cotton ; and in places, notably over the heating 
pipes, the insulation takes the form of layers of cotton- 
wool between strawboards, the whole being greatly com* 

; uvsseiL For heating the incubator, the lamj) is supported 
at the side of the machine, as in a hydro incubator, in- 
sulated therefrom by means of asbestos lagging. The 
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lamp, by means of a toggle lever device, can be eitlier 
fixed or removed with the utmost ease ; the biackel forms 
a support upon wliich the lamp can remain wliile trim- 
ming and filling. The makers have ado})ted a special 
form of burner and a self-filling lam[) ; in tlie latter fh(‘ 
oil is kept automatically at a uniform level, it being 
})Ossible to remove the reservoir to g('t at the burner if 
desired. The special burner comprises a mechanical wick 
trimmer, by means of which the wick can be trimimal 
in an instant without moving the lamp. 

The heater itself is of the type illustrated }jy h’ig. 
105, p. 133. 

Figs. 107 and 108 show two sections thrmiL^li the ineu- 
bator. The pipe introdiicing the warm air will be nr>tic(‘(l. 
The deflt'ctor or deile direets the air over a double porous 
diajtliragm of canvas, and into the egg-chamber in which 
the eggs lie upon a wire cloth tray sloping t^owards the 
centre, 'riic air ]>assc3 down tlirough the niachine, and 
ultimately escapes at the bottom. By the use of remove- 
able felts below tlie eggs, the«mnount of air passing through 
the machine is easily controlled. Tlie lower felt is partly 
ex[)Osed to the outside air, this being a factor in maintaining 
cor:ect humidity. 

Between the front of the egg tray and the door by 
which the chicks find access to tlie nursery beneath is a 
space of about 3 in,, occupied until, say, the first or second 
testing with a movable wooden slip upon which eggs may 

138 



VARIOUS INCUBATORS DESCRIBED 


be placed. Wheji “ pipping ” starts, the slip is reinuved. 
Tbe cbiclvs on hatcliing arc attracted by the light, and in 
*niovijig towards it they drop down upon a sliding platform. 
There is no need to take out the drawer and transfer the 
chicks from egg-ehainber to nursery. The [ilatform is 
slowly withdrawn, so causing the chi<*ks to drop into a 
drawer having a sfi etched canvas bottom. The use of 
this arrangement obviates the temjdation to open the door 
during a hatch, and consequently cooling the chambci*. 

The “New Buffalo” (Buffalo Incubator Com])any, 
Buffalo, New York, ITS. A.). - This incubator is the produc- 
tion of Oharles A. Cypliers, and follows in very many 
respc('ts the well-known t'yphcrs models. The sizes are 
hO- to 0(>-ogg, 110- to li20-egg, 220- to 240-egg, and 340- 
to 3<)0-egg. The case is made of galvanised iron lined 
with fibre-board ; the cavity between the double walls is 
filled with iion-couductiug material. The front is of hard 
wood, witli i)otli wooden door and glass door to egg-chamber? 
The heater is on the Cyphers model, its casing being of 
asb(‘stos enclosed in a galvanised-irou jacket. The heating 
and ventilatJtig system is on the Cyphers style. The regu- 
lator is of metal. Wire-cloth egg- trays are employed. 
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CHAPTER IX 


Chicken Rearers or Foster-mothers 

For chickens that have been Imtched by artificial means 
a substitute for the natural mother is a j)rinje necessit\- 
during the lirst few weeks of their lives. If strong, hardy 
birds are to be ensured, coddling must be avoid(‘d ; yt*t, 
iintd the chicks have their featliers, they must be provided 
with a well-vanned retreat to which they can have access 
at will. Free ventilation must be provided, but draughls 
must be guarded against ; there must be no corners into 
which the chicks may huddle ; and the heat source should, 
if possible, be central. 

All the leading incubator manufacturers have their 
own 3 ]jeciai designs of rearers, which, in the. majority of 
cases, can be de[>euded ii]>on. The [)iu'])ose of this cha[»ter 
is not to deserihe the many^commercial rearers, but to 
give plain instructions on making some rearers whicti 
ha^e answered exccllei’:tly in practice. i 

ICO-chick Rearer with Run.—The foster-mother 
shown in Fig. 109 is heated by a tank similar to an incu- 
bator tank, the lamp being in a separate compartment. 
The run is made separate from the hot chamber, the 

foster-mother jiroper, and is secured to it by a couple of 
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hooks, with staples to match. By unhooking, the chamber 
and chicks may be moved by the handles shown in Figs. 109 
to 111, and may be so carried indoors nightly in very cold* 
or stormy weather, if deemed advisable. Fig. 112 shows 
an end view. 

The length over all is 10 ft., of whicli the run nu*asures 
6 ft. 10 in. a!id the hot chamber .‘I ft. 2 in. The extreme 
width is 2 ft. lo in. 

The tank T is of zinc throughout, except the lines, 
which are of S-lb. cofipcr, and is 2 ft. G in. wide by 2 ft. 4 in. 
long, })lUvS the Hue extension into the lamj) chamber, 
which is 5 in. long by in. wide. The tank is clearly 
showm in Figs. 1 10 and 111. It is 3 J in. deef), and has 
flues J of 2-in. diameter extending round three of its sides 
[see Fig. 110). These flues are secured J in. from the 
bottom plate with three small feet formed by scfl dering 
strips of zinc. J in. wide to the flues, bending them down 
to the form shown in Fig. 113, then soldering tVern in place 
on the bottom as indicated at ¥ (Fig. 1 10). A filling tube i, 
J in. in diameter, is provided. 

An aperture a tlirough the tank measures 1 ft. 4 in. 
by 1 ft. 1 in. It is lined with strips of w^ood s (Fig. 110) 

5 in. whle and J in. thick. To these strips is fitted and 
hinged a glazed door h, which gives a clear view of the 
interior, and allows access for cleaning out, etc. The 
corner pieces c support the tank and are 9 in. high by 

6 in. wide, the tank being 9 in. from the chamber floor. 
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The inner walls arc made U, fit the tank body, one 
end being long enough to extend across to the outer walls, 
thus fonning the j)artition wall r of the lamp chamber. 
The outside walls measure H ft. 2 in. long by 2 ft. 10 in. 
wide over all, and are 2 ft. high at the front, slopifig to 
1 ft. S ill. at the back, and are J in. or 1 in. thick. A 
hinged top cov('rs all. A door for cleaning purposes, 
I ft'. S in. long by 4.i in. wide, is proviiled, and another 
0 in. by 0 in., gives access to the lamp. 



hig. 112. — End View of Rearer Eeet 


The lam]) chamber us oj in. wide, and Las a cross 
]>artition R tp jirevent tbc chicks reaching the lamp L 
Ahile passing in and out of the doorway i). The lamp is 
1 1 in. long by in. deep, and of a width to fit its com- 
partment loo.sely. It has a 1-in. burner and a loose metal 
I himney having a turned-in lapped or riveted joint and a 
mica-covered [)eep-hoIc. The lank and side spaces arc 
packed with sawdust to t/lic level of the strips s, and are 
' overed in with ^-in. piite. 

A doorway l) to the hot ohairiber, 4i in. wide by 5 in. 
high has a door sliding in guides, which can be lowered 
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at night. A small gangway about 7 in. wide slopes from 
the door level to the run floor. 

The run is 1 ft. 8 in. high at the front, sloping to 1 ft* 
at the back {sec Fig. 112). The roof is hinged in two 
lengths, the joint being covered by a strij) L (Fig. loO)' 
.’1 in. by in., secured to one-half, so as to Lij) over. Two 
4-in. battens (one. n, only being visible inside, the ro(tf at 
Fig. ItiO) run the full length of each roof section, and 
are well secured with nails driv(‘n through and clinched. 
The front frame is in one piece, and is ccAerod with wire 
netting of Tin. mesh. 

An ordinary thermometer should be bung in the cbicT 
chamber, and the temperature should be for the tirst 
week 9(F, the second week 8(F, and the third week 70""; 
but if the weather is warm 5"* or KT low'er will be ample 
for the first fortnight. These temperatures are better for 
outdo(jr roaring. The foster-mother should face south in 
tine vveatluu, but be turned with back to tli,e rain; 

60-chick rearer.™ Another style of rearer is shoAH 
in Figs. 1 14 to 1 1G. The wocjdwork is composed of match- 
boards and scantling. To accommodate sixty chicks tlie 
rearer may be 7 ft. long, 2 ft. wdde, and 2 ft. high at the 
laick, and 2 ft. 0 in. high in the front. The matchboards 
arc G ill. by J in. sli through, and the scantling is 4 in. 
by 1 m. The back wall require fourteen matchboards, 
2 ft. by 6 in. by J in. The lengths of scantling are : Two 
pieces tor the back legs, 2 ft. by 4 in. by 1 in. ; two pieces 




CHICKEN REARERS OR FOSTER-MOTHERS 

for the front legs, 2 ft. 6 in. by 4 in, by 1 in. ; two pieces 
for each cud, 2 ft. b}" 4 in. by 1 in. ; two pieces to form 
back and front rails at the bottom, 7 ft. by 4 in. by I in. ; 
and two j)ieces to form tbe top rail, from the ends of which 
the handles arc formed. The toj) rails must be 7 ft. d in. 
by 4 jii. by 1 in.; tlierefore 42-ft. run will be required, 
^riie two ends of the rearer are alike (.sc(? Fig. 110). The 
sleeping place is 2 ft. square. A ]>artition (Fig. 117) is 
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fixed 2 ft. from one end, and anotlicr partition 6 in. from 
it, thus leaving a space of 6 in. in which the lamp sliiles, 
but there must be a hole cut in the two ])icces for tJu** 
chicks to })ass through from the run to the sleeping place 
b^’hiud the end of the lamp. 

The rearer is mounted on two D-in. cast-inui trolly 
wheels, which are fixed at- the opposite end to the handles ; 
thus the rearer is easily whcel(;d to fresh ground. These 




Fig. 116. -End View of Rearer Fig. 117.— Partition for Rearer 

wheels run on a piece of gas barrel about 2 ft. 0 in. long, 
which is fixed by jiieaus of two plate stajdes 1 in. wide, 
which are crewed to the scantling. The ends are fixed to 
the back and front by 4-in. cut nails driven in on the skew. 
To fix the floor, two 2-in. by 1-in. fillets are nailed the full 
length of the rearer, and the matchboard is nailed down b) il , 
The toj) is made in two ])arts ; one covers the sleeping 
place ana lamp shelter, and the other covers the run. 
The top should be 7 ft. ti m. long and 3 ft. wide, thus 

lapping all round to run the rain well ofi. 
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The tank should measure 1 ft. 10 in. square by 3 in. 
deep, and must be placed with its bottom 9 in. above the 
floor. Its central hole is I ft. square, so that the birds 
can be got at from the toj) and the rearer itself cleaned 
out. Stout sheet zinc, say No. 1 1 or No. 12 s.w.o., answers 
the ])urpos(‘, but copper is to be preferred. It is cut on 
the lines of Pig. IIS, and bent at right angles, thus form- 
ing the bottom of the tank. The top of the tank is cut 
LU the same way in the centre. Thus two sides are formed 


2 ' 4 " ^ 



Fig. 118. —Pattern for Rearer Tank 

of the centre hole out of the top, and two sides out of 
iIk' bottom. This tank nmst be well soldered together. 

The flow and return copper pipes, h in. in diameter, are 
next fixed to the boiler and tank, as sliown in Fig. 1 1 9, and 
:< small tank is fixed on top of the large one for filling, 
and must always be kept full so that the jacket boiler c 
•nnl large tank are also full. An air pipe is fixed beside 
^e small tank, and statids I in. above it. The filling pipe 
dq»s 1 in. into the large tank, but the air pipe must be 
lucvl flush on the top of this tank to allow the air to get 
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away and prevent the water getting air-locked. The .small 
supply tank i.s 3 in. by 2 in., and both ])ipe.s arc h in. in 
diameter. The return pipe must liavc a dij) in it as at X 
(Fig. 1J9), ajid this will prevent the hot water flowing 
ii]) it. Fig. 120 shows the inside portion of the boiler, 
and the two pipes Jt must be soldered in j»laee i)etore 
sliding this {art into the outer picket, .\bout .1 in. space 
between the inner and out(‘,r cases is sutlicient. The two 
vennlating tubes are J in. long by in. in dianu’ter. 
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j Tlie t.auk and boiler being ready, next fix in each 
coriK'r of tli(‘ sleejnng place a length of wood in by 
(f in. wide, 'rheso pieces {sn‘. the plan, Fig. J21) shii'; 
oh t-l»e c,orners, arid so prevent the l>irds getting crushed 
to deatJi in tli<‘ coriUTs, whi«-h is so often the case when 
S4nare sleej)ing j)laees are. userj. Thus a, resting-place is 
nia<h‘ for tin* tank, and a 1-in. .spa('e is left all round the 
l.ank to h<‘ rilled with saw<lnst. nr silic.jt.t* of cotton. A 1-ft. 



Fl^. 123. Hurner Chimney 

sipiare frame ,3 in. deep is now fitted tightly into the square 
' ih* ill the middle of the tank and allowed to stand up 
1 in. above the surface. Next fill iu all over the tank with 
sawdust to keep the heat in, and nail a i-in. fillet all round 
the inside of this frame, say 1 iu. down, on which a wooden 
lid rests. This lid can be easily removed for eleaning-out 
Purposes or for attending to the chicks from the top of 
'lie rearer. 

A copper ring ( Fig. 122) is cut and passed over the top 
of the part shown by Fig. 120 and soldered round the 
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bottom of it. The inner portion of the Ixiiler j) (Fig. 1‘20) 
is now placed inside the. outer jaeket, and the ring solden'd 
to the bottom edge of the outer jaclv<*.t, thus forming the 
bottom of tlie jaek<jt. The j)artitioii for the slee.piug |»laee 
sliould have a glass in it just under th(‘ boiler, so thm 
the lamp lights the sleeping place; a hole should also be 
made, in the farther eorner at che back. 

Witli regal d to the distance, of the burner from the 
end of the lam[>, the collar of the burner should be soldered 
on about I in. from the imd of the ptd-roleum container ; 
but it will be better to get the cone boiler in [ilace hrst. 
and then to put the burner underneath the middle, of t in' 
cone. The best burner to ise is a l-in. tiueen .\nne. 

The chimney may be con.strucb'd of thin tiipilate, tin 
diameter being the same as that of tlie burner galler\ ; 
the height is regulated by the distance betweeii the bot tom 
of the boiler and tlie burner, usually 4 in. An oblong liole 
is cut ill the ibi, about 2 m. long by 1 .1 in. deep. A pieiM* 
of niHia is placed over this hole (see Fig. 1211). A brass 
frame fixed to the chiiiumy by means of a fender screw 
and nut at each end keeps tlni mica in [XKsition ; blms 
it is possible to see l-lie flame without opening the door. 

The height of the chimney will dejiend on the deptl 
of the lamp. If the lamp Ls 1 in. deep and the burix'! 
1 in., then 3 in. will be left between the boiler bottom 
and the rearer floor ; in that case the chimney would be 

2g in, high, thus allowing j in. clear between the top of 
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(‘liirnnov ai)d the bottom of i.lu* boiler. The lamp 
may be I ft. (i in. long, 4 in. wide, and 1 in. deep. 

• A cold brooder, into wliich the chicks; may bo turned 
\vhe]i fledged, and w’hen no longer in need of artificial 
heat, is shown in Kig. I‘i4. This juniod cannot ])e arbitrarily 
fixed, as much will dejiend upon the state of tlie w’oatlu'r, 
but from t]in‘e to six w(‘(‘ks old mav be taken as the 



'i\‘ rag<* agt' at winch aitificial heat may be disjiensed wdth. 
rids brooder may be 2 ft. square, the same in height at 
li.ick, and t» in. higher in front; and the run 4 ft. long 
and 14 in. high. The house portion can be cotisUiicted 
of match boarding wit h the whole of the back hinged with 
cross garnets to oj»en, and for the framing of the run 
-dn. by 1-in. slate batten will be just the tiling. Tf the 
top of this is hinged as iu Fig. 124, it will be found a con- 
venience for inserting food and water. 

* 5 * 
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